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[PRL  882-2:  OPP-30000/26] 

KSnaOE  PROGRAMS 

R*buttabU  Prscumption  Against  Rogistration 
and  Continuad  Ragiitration  of  Pattidd* 
Products  Containing  2,4,5-T 

AGENCY:  Office  of  Pesticide  Pro¬ 
grams,  Environmental  Protection 
Agency  (EPA). 

ACTION:  Notice  of  rebuttable  pre¬ 
sumption. 

SUMMARY:  2,4,5-Trichlorophenoxy- 
acetic  acid  (2,4,5-T)  has  been  found  to 
exceed  certain  risk  criteria  set  forth  in 
40  CFR  162.11.  This  notice  requests 
registrants  and  other  interested  per¬ 
sons  to  submit  rebuttals  and  other  in¬ 
formation  on  the  presumption  and  to 
submit  any  other  data  on  the  risks  and 
benefits  of  this  pesticide  chemical. 
This  notice  is  the  first  of  several 
which  will  give  public  notification  of 
the  Agency’s  progress  in  reviewing  this 
chemical. 

DATE:  Rebuttal  evidence  and  other 
information  must  be  received  on  or 
before  Jime  5, 1978. 

ADDRESS  MATERIAL  TO:  Federal 
Register  Section,  Technical  Services 
Division  (WH-569),  Office  of  Pesticide 
Programs,  EPA,  Room  401,  East 
Tower,  401  M  Street  SW.,  Washington, 
D.C.  20460. 

FOR  FURTHER  INFORMATION 
CONTACT: 

Harvey  Wamick,  Office  of  Special 
Pesticide  Reviews,  Office  of  Pesti¬ 
cide  Programs  (WH-566),  Room  447, 
East  Tower,  EPA,  202-755-5754. 

SUPPLEMENTARY  INFORMATION: 
The  Deputy  Assistant  Administrator, 
Office  of  Pesticide  Programs,  EPA, 
has  determined  that  a  rebuttable  pre¬ 
sumption  exists  against  registration 
and  continued  registration  of  all  pesti¬ 
cide  products  containing  2,4,5-T.  ‘ 

I.  Regulatory  Provisions 

A.  General.  Title  40,  §  162.11,  of  the 
Code  of  Federal  Regulations  for  the 
Federal  Insecticide,  Fungicide,  and 
Rodenticide  Act  (FIFRA)  as  amended 
(86  Stat.  973,  89  Stat.  751,  7  U.S.C.  136 
et  seq.),  provides  that  a  rebuttable  pre¬ 
sumption  against  registration  shall 
arise  if  the  Agency  determines  that  a 
pesticide  meets  or  exceeds  any  of  the 
risk  criteria  relating  to  acute  and 
chronic  toxic  effects  set  forth  in 


‘A  position  document,  containing  an  ap¬ 
pendix  of  references,  background  informa¬ 
tion,  and  other  material  pertinent  to  the  is¬ 
suance  of  this  notice,  has  been  prepared  by 
the  Agency  Working  Group  on  2,4,5-T  and 
is  also  published  with  this  notice. 


§  162.11(a)(3).  If  it  is  determined  that 
such  a  rebuttable  presumption  has 
arisen,  the  regulations  require  that 
the  registrant  be  notified  by  certified 
mail  “.nd  afforded  an  opportimlty  to 
subniiL  evidence  in  rebuttal  of  the  pre¬ 
sumption.  In  addition,  the  Agency  has 
determined  that  the  public  should  also 
be  given  notice  of  the  bases  for  the 
presumption  to  provide  an  opportuni¬ 
ty  for  comment  and  to  solicit  addition¬ 
al  information  relevant  to  the  pre¬ 
sumption. 

A  notice  of  rebuttable  presumption 
against  registration  is  issued  when  the 
evidence  related  to  risk  meets  the  cri¬ 
teria  set  forth  in  §  162.11(a)(3).  It  is 
emphasized  that  a  notice  of  rebuttable 
presumption  against  registration  and 
continued  registration  of  a  pesticide  is 
not  a  notice  of  intent  to  cancel  the 
registration  of  a  pesticide,  and  may  or 
may  not  lead  to  cancellation.  The 
notice  of  intent  to  cancel  is  issued  only 
after  the  risks  and  benefits  of  a  pesti¬ 
cide  are  carefully  considered  and  it  is 
determined  that  the  pesticide  may 
generally  cause  unreasonable  adverse 
effects  to  the  environment. 

All  registrants  and  applicants  for 
registration  are  invited  pursuant  to  40 
CFR  162.11(a)(4)  to  submit  evidence  in 
rebuttal  of  the  presumptions  listed  in 
part  II  of  this  notice  and,  in  the  case 
of  oncogenicity,  to  submit  information 
which  relates  to  the  assessment  of  on¬ 
cogenic  risks  as  set  forth  in  the  Agen¬ 
cy’s  Interim  Procedures  and  Guide¬ 
lines  for  Health  Risk  and  Economic 
Impact  Assessment  of  Suspected  Car¬ 
cinogens  (May  25,  1976;  41  FR  21402). 
Registrants  and  other  interested  par¬ 
ties  may  submit  for  consideration  data 
on  benefits  which  they  believe  would 
justify  registration  or  continued  regis¬ 
tration.  In  addition,  any  registrant 
may  petition  the  Agency  to  voluntar¬ 
ily  cancel  a  current  registration  pursu¬ 
ant  *^0  section  6(a)(1)  of  FIFRA. 

B.  Rebuttal  criteria.  Section 
162.11(a)(4)  provides  that  a  registrant 
may  rebut  the  presumption  by  sustain¬ 
ing  the  burden  of  proving: 

(1)  In  the  case  of  a  pesticide  pre¬ 
sumed  against  pursuant  to  the  acute 
toxicity  or  lack  of  emergency  treat¬ 
ment  criteria,  “that  when  considered 
with  the  formulation,  packaging, 
method  of  use,  and  proposed  restric¬ 
tions  on  the  directions  for  use  and 
widespread  and  commonly  recognized 
practices  of  use,  the  anticipated  expo¬ 
sure  to  an  applicator  or  user  suid  to 
local,  regional,  or  national  populations 
of  nontarget  organisms  is  not  likely  to 
result  in  any  significant  acute  adverse 
effects’’  (40  CFR  162.11(a)(4)(i)); 

(2)  In  the  case  of  a  pesticide  pre¬ 
sumed  against  pursuant  to  the  chronic 
toxicity  criteria,  “that  when  consid¬ 
ered  with  proposed  restrictions  on  use 
and  widespread  and  commonly  recog¬ 
nized  practices  of  use,  the  pesticide 
will  not  concentrate,  persist  or  accrue 


to  levels  in  man  or  the  environment 
likely  to  result  in  any  significant 
chronic  adverse  effects’’  (40  CFR 
162.11(a)(4)(li));  or 

(3)  In  either  case,  that  “the  determi¬ 
nation  by  the  Agency  that  the  pesti¬ 
cide  meets  or  exceeds  any  of  the  crite¬ 
ria  for  risk  was  in  error’’  (40  CFR 
162.11(a)(4)(iii)). 

C.  Benefits  information.  In  addition 
to  submitting  evidence  to  rebut  the 
presumption  of  risk,  §  162.11(a)(5)(iii) 
provides  that  a  registrant  “may  submit 
evidence  as  to  whether  the  economic, 
social,  and  environmental  benefits  of 
the  use  of  the  pesticide  subject  to  the 
presumption  outweigh  the  risk  of 
use.”  If  the  risk  presumptions  are  not 
rebutted,  the  benefit  evidence*  sub¬ 
mitted  by  the  registrant,  applicants, 
and  other  interested  persons  will  be 
considered  by  the  Administrator  in  de¬ 
termining  the  appropriate  regulatory 
action.  SpecTically,  §  162.11(a)(5)(iii) 
provides  that  if  the  benefits  appear  to 
outweigh  the  risks,  the  Administrator 
may  issue  a  notice  of  intent  to  hold  a 
hearing  pursuant  to  section  6(b)(2)  of 
FIFRA  to  determine  whether  the 
registration(s)  should  be  cancelled  or 
application(s)  denied.  Alternatively,  if 
the  “benefits  do  not  appear  to 
outweigh  the  risks,  the  Administrator 
shall  issue  a  notice  pursuant  to  section 
3(c)(6)  or  section  6(b)(1)  of  the  Act,  as 
appropriate.”  Moreover,  if  at  any  time 
the  Administrator  determines  that  a 
pesticide  poses  an  “imminent  hazard” 
to  humans  or  the  environment,  a 
notice  of  suspension  may  be  issued 
pursuant  to  section  6(c)  of  the  Act. 

II.  Presumptions 

Registrations  and  applications  for 
registration  of  pesticide  products  con¬ 
taining  2.4,5-T  meet  or  exceed  the  40 
CFR  162.11(a)(3)  risk  criteria  relating 


*Reglstrant8  or  other  interested  persons 
who  desire  to  submit  benefit  information 
should  consider  submitting  information  on 
the  following  subjects,  along  with  any  other 
relevant-  information  they  desire  to  submit: 

1.  Identification  of  the  major  uses  of  the 
pesticide,  including  estimated  quantities 
used  by  crop  or  other  application. 

2.  Identification  of  the  minor  uses  of  the 
pesticide,  including  estimated  quantities 
used  by  category  such  as  lawn  and  garden 
uses  and  household  uses. 

3.  Identification  of  registered  alternative 
products  for  the  uses  set  forth  in  (1)  and  (2) 
above,  including  an  estimate  of  their  avail¬ 
ability. 

4.  Determination  of  the  change  in  costs  to 
the  user  of  providing  equivalent  pesticide 
treatment  with  any  available  substitute 
products. 

5.  Assessment  of  regulation  impact  upon 
user  productivity  (e.g.,  yield  per  acre  and/or 
total  output)  from  using  available  substitute 
pesticides  or  from  using  no  other  pesticides. 

6.  If  the  impacts  upon  either  user  costs  or 
productivity  are  significant,  a  qualitative  as¬ 
sessment  of  the  regulation’s  impact  on  pro¬ 
duction  of  major  agricultural  commodities 
and  retail  food  prices  of  such  commodities. 


FEDERAL  REGISTER,  VOL  43,  NO.  78— FRIDAY,  AFRIL  21,  1978 


NOTICES 


17117 


to  oncogenic  effects  and  teratogenic 
and/or  fetotoxic  effects  in  mammalian 
test  species.  The  Agency’s  basis  for 
concluding  that  these  risk  criteria 
have  been  met  or  exceeded  Is  set  out 
in  '‘2,4,5-T;  Position  Document  1,” 
which  follows.  Copies  of  attachments 
to  the  Position  Document  which  are 
not  published  with  this  notice  are 
available  for  public  inspection  in  the 
Office  of  Special  Pesticide  Reviews. 
Information  protected  from  disclosure 
pursuant  to  FIFRA  section  10  cannot 
be  provided.  Specific  inquiries  con¬ 
cerning  the  Position  Document,  as 
well  as  requests  for  access  to  these 
files,  should  be  directed  to  Project 
Manager  Harvey  Wamlck,  Office  of 
Special  Pesticide  Reviews  (WH-566), 
EPA,  Room  447,  East  Tower,  401  M 
Street  SW.,  Washington,  D.C.  20460, 
202-755-5754. 

A.  Oncogenicity.  40  CFR 
162.11(a)(3)(ii)(A)  provides  that  a  re¬ 
buttable  presumption  shall  arise  if  a 
pesticide  “(I Induces  oncogenic  effects 
in  experimental  mammalian  species  or 
in  man  as  a  result  of  oral,  inhalation 
or  dermal  exposure  •  •  As  a  further 
clarification  of  the  provision,  the  pre¬ 
amble  to  the  Agency’s  Interim  Proce¬ 
dures  and  Guidelines  for  Health  Risk 
and  Economic  Impact  Assessment  of 
Suspected  Carcinogens  (May  25,  1976; 
41  FR  21402)  states  that  “a  substance 
will  be  considered  a  presumptive 
cancer  risk  when  it  causes  a  statistical¬ 
ly  significant  excess  incidence  of 
benign  or  malignant  tumors  in 
humans  or  animals.” 

On  the  basis  of  scientific  studies  and 
information  summarized  in  the  Posi¬ 
tion  Document,  the  Agency  has  con¬ 
cluded  that  all  registrations  and  appli¬ 
cations  for  registration  of  pesticide 
products  containing  2,4,5-T  and/or  its 
dioxin  contaminant  (’TCDD)  exceed 
this  risk  criterion,  and  that  a  rebutta¬ 
ble  presumption  against  new  or  contin¬ 
ued  registration  of  such  products  has 
arisen. 

B.  Other  chronic  or  delayed  toxic  ef¬ 
fects.  40  CFR  162.11(a)(3)(U)(B)  pro¬ 
vides  that  rebuttable  presumption 
shall  arise  if  a  pesticide  “(p)roduces 
any  other  chronic  or  delayed  toxic 
effect  in  test  animals  at  any  dosage  up 
to  a  level,  as  determined  by  the  Ad¬ 
ministrator,  which  is  substantially 
higher  than  that  to  which  humans  can 
reasonably  be  anticipated  to  be  ex¬ 
posed,  taking  into  accoimt  ample  mar¬ 
gins  of  safety  •  • 

On  the  basis  of  scientific  studies  and 
information  siunmarized  in  the  Posi¬ 
tion  Document,  the  Agency  has  con¬ 
cluded  that  all  registrations  and  appli¬ 
cations  for  registration  of  pesticide 
products  containing  2,4,5-T  and/or 
’TCDD  exceed  this  risk  criterion  for 
teratogenic  and/or  fetotoxic  effects 
and  that  a  rebuttable  presumption 
against  new  or  continued  registration 
of  such  products  has  arisen. 


III.  Additional  Grounds  for  Review 

As  discussed  in  detail  in  the  attached 
Position  Document,  some  data  has  as¬ 
sociated  2,4,5-T  and/or  TCDD  with 
mutagenic  effects  in  test  animals  and 
TCDD  with  toxic  effects  in  humans. 
The  data  and  analyses  available  at 
this  time  with  respect  to  these  effects 
are  not  sufficient  to  warrant  the  issu¬ 
ance  of  a  Rebuttable  Presumption. 
The  Agency  specifically  solicits  fur¬ 
ther  evidence  bearing  on  these  possi¬ 
ble  adverse  effects.  All  comments  and 
information  received  with  respect  to 
the  potential  adverse  effects,  including 
analysis  thereof,  may  serve  as  a  basis 
for  a  final  decision  on  registering  pes¬ 
ticides  containing  2,4,5-T  and/or 
TCDD. 

IV.  Registrations  and  Products 
Subject  to  the  Notice 

All  registrants  and  applicants  for 
registration  listed  below  are  being  no¬ 
tified  by  certified  mail  of  the  rebutta¬ 
ble  presumption  existing  against  regis¬ 
tration  and  continued  registration  of 
their  products. 

The  registrants  and  applicants  for 
registration  shall  have  45  days  from 
the  date  this  notice  is  sent  or  imtil 
June  5,  1978,  to  submit  evidence  hi  re¬ 
buttal  of  the  presumption.  However, 
the  Administrator  may,  for  good  cause 
shown,  grant  an  additional  60  days 
during  which  such  evidence  may  be 
submitted.  Notice  of  such  an  exten¬ 
sion,  if  granted,  wUl  appear  in  the  Fed¬ 
eral  Register. 

A  registrant  or  applicant  for  regis¬ 
tration  may,  if  it  desires,  assert  a  busi¬ 
ness  confidentiality  claim  covering 
part  or  all  of  the  informaion  submit¬ 
ted  in  rebuttal.  The  registrant  or  ap¬ 
plicant  may  assert  the  claim  by  plac¬ 
ing  on  or  attaching  to  the  information 
a  cover  sheet,  stamped  or  typed 
legend,  or  other  suitable  form  of 
notice  employing  language  such  as 
“trade  secret,”  "proprietary,”  or  “com¬ 
pany  confidential.”  Allegedly  confi¬ 
dential  portions  of  otherwise  nonconfi- 
dentlal  documents  should  be  clearly 
marked. 

If  a  confidentiality  claim  is  asserted, 
the  information  covered  by  the  claim 
will  be  disclosed  by  EPA  only  to  the 
extent  and  by  means  of  the  procedures 
set  forth  in  40  CFR  part  2,  subpart  B 
(41  FR  36906;  September  1,  1976).  If 
no  confidentiality  claim  accompanies 
the  information  at  the  time  it  is  re¬ 
ceived  by  EPA,  EPA  will  place  the  in¬ 
formation  in  the  public  comment  file 
where  it  will  be  available  for  public  in¬ 
spection. 

If  a  registrant  or  applicant  does 
assert  a  confidentiality  claim  for  some 
but  not  all.  of  the  information  submit¬ 
ted  to  EPA  In  rebuttal,  the  registrant 
or  applicant  should  furnish  two  copies 
of  the  information  to  EPA.  ’The  first 
copy  should  contain  all  of  the  infor¬ 
mation  submitted  in  rebuttal  with  in¬ 


formation  claimed  as  confidential 
clearly  Identified.  The  second  copy 
should  be  Identical  to  the  first  except 
that  all  information  claimed  as  confi¬ 
dential  should  be  deleted.  The  second 
copy  will  be  placed  in  the  public  com¬ 
ment  file.  The  first  copy  will  be  treat¬ 
ed  in  accordance  with  the  procedures 
set  out  above. 

V.  Duty  to  Submit  Information  on 
Adverse  Effects 

Registrants  are  required  by  law  to 
submit  to  EPA  any  additional  informa¬ 
tion  regarding  any  adverse  effects  on 
man  or  the  environment  which  comes 
to  a  registrant’s  attention  at  any  time, 
pursuant  to  section  6(a)(2)  of  FIFRA 
and  40  CFR  162.8(d).  If  any  registrant 
of  2.4.5-T  products  has  any  published 
or  unpublished  information,  studies, 
reports,  analyses,  or  reanalyses  regard¬ 
ing  any  adverse  effects  in  animal  spe¬ 
cies  or  humans,  residues,  and  claimed 
or  verified  accidents  to  humans,  do¬ 
mestic  animals,  or  wUdlife,  which  have 
not  been  previously  submitted  to  EPA, 
the  material  must  be  submitted  imme¬ 
diately.  When  responding  to  this 
notice,  each  registrant  shall  submit  a 
written  certification  to  the  Agency 
that  all  information  regarding  any  ad¬ 
verse  effects  known  to  the  registrant 
has  been  submitted.  In  addition,  the 
registrants  should  notify  EPA  of  any 
studies  currently  in  progress,  including 
the  purpose  of  the  study,  the  protocol, 
the  approximate  completion  date,  and 
a  summary  of  all  results  observ^  to 
date. 

VI.  PuBuc  Comments  and  Inspection 

During  the  time  allowed  for  submis¬ 
sion  of  rebuttal  evidence,  specific  com¬ 
ments  on  the  presumptions  set  forth 
in  this  notice  and  on  the  material  con¬ 
tained  in  the  Position  Document  are 
solicited  from  the  public.  In  particu¬ 
lar,  any  documented  episodes  of  ad¬ 
verse  effects  to  humans,  domestic  ani¬ 
mals,  or  wildlife,  and  Information  as  to 
any  laboratory  studies  in  progress  or 
completed  are  requested  to  be  submit¬ 
ted  to  EPA  as  soon  as  possible.  Specifi¬ 
cally,  information  on  the  fate  and  ef¬ 
fects  of  2,4,5-T.  its  impurities,  metabo¬ 
lites,  and  degradation  products  on 
flora  and  fatma,  particularly  animals 
with  metabolism  similar  to  man,  is  so¬ 
licited.  Similarly,  any  studies  or  com¬ 
ments  on  the  benefits  from  the  use  of 
2,4,5-T  are  requested  to  be  submitted. 
All  comments  and  Information  re¬ 
ceived.  as  well  as  any  other  relevant 
Information  and  analysis  thereof, 
which  come  to  the  attention  of  the 
Agency  may  serve  as  a  basis  for  final 
determination  pursuant  to  §  162.11 
(a)(5). 

All  comments  and  information 
should  be  sent  to  the  Office  of  the 
Federal  Register  Section  at  the  ad¬ 
dress  given  above,  if  possible  in  tripli¬ 
cate  to  facilitate  the  work  of  the 
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Agency  and  others  interested  in  in¬ 
specting  them.  The  comments  and  in¬ 
formation  should  bear  the  identifying 
notation  “OPP-30000/26.”  Comments 
received  after  the  specified  time 
period  will  be  considered  only  to  the 
extent  feasible,  consistent  with  the 
time  limits  imposed  by  40  CFR 
162.11(a)(5)(U). 

All  written  comments  and  informa¬ 
tion  filed  pursuant  to  this  notice  will 
be  available  for  public  inspection  in 
the  Office  of  the  Federal  Register  Sec¬ 
tion  from  8:30  a.m.  to  4  p.m.  during 
normal  working  days.  Interested  per¬ 
sons  are  encouraged  to  take  advantage 
of  the  opportunity  to  inspect  Agency 
files  during  normal  working  hours 
since:  (1)  All  of  the  information  re¬ 
ceived  may  serve  as  a  basis  for  final 
determination  pursuant  to 
§  162.11(a)(5).  and  (2)  the  Agency  will 
not  generally  publish  a  summary  of  in¬ 
formation  received  in  the  Federal 
Register  at  the  close  of  the  rebuttal 
period. 

Your  cooperation  is  solicited  in  iden¬ 
tifying  any  errors  or  omissions  which 
may  have  been  made  in  the  following 
computer  listings.  Corrections  to  the 
listings  may  not  necessarily  be  pub¬ 
lished  in  the  Federal  Register,  but 
rather  handled  by  mail  with  affected 
parties.  Omissions  will  be  corrected  by 
notice  in  the  Federal  Register. 

Dated:  April  11, 1978. 

Edwin  L.  Johnson, 
Deputy  Assistant  Administrator 
for  Pesticide  Programs. 

2,4, 5-T.  Position  Documan  1 

2,4,S-T  WORKING  GROUP,  U.S.  ENVIRONlfENTAL 
PROTECTION  AGENCY 

L  Background 

A.  Chemical/physical  characteristics.  The 
herbicide  commonly  known  as  2,4,5-T 
(chemical  name,  2,4,5-Trichlorophenoxy- 
acetic  acid)  has  an  empirical  formula  of 
C(H.CljOt.  The  pure  acid  form  occurs  as 
white  crystals  and  has  a  molecular  weight 
of  255.49.  The  melting  point  is  156.6*C.  Its 
solubility  in  water  is  278  parts  per  million 
(ppm)  at  25*C;  it  is  also  soluble  in  acetone, 
ethanol,  ether,  and  alkaline  solutions  (i). 
The  esters  of  2,4,5-T  are  formulated  to  be 
emulsifiable  in  water  and  soluble  in  most 
oils,  while  its  amine  salts  are  soluble  in 
water  but  insoluble  in  petroleum  oils  (.2,  3). 

B.  Manufacturing  process  and  contami¬ 
nants.  2,4,5-T  is  produced  commercially  by  a 
process  using  1,2,4,5-tetrachlorobenzene  as 
the  starting  material  which  is  reacted  with 
methanol  and  sodium  hydroxide  imder  high 
termperature  and  high  pressure  to  give  the 
sodium  salt  of  2,4.5-trichlorophenol  (2,4,5- 
■TCP).* 


‘2,4,5-TCP  is  the  subject  of  a  separate  Re¬ 
buttable  Presumption  Against  Registration 
(RPAR)  Position  Document.  It  is  discussed 
in  this  docmnent  because  both  it  and  its 
contaminant  2,3,7.8-tetrachlorodibenzo-p- 
dioxin  (TCDD)  may  be  present  in  some  com¬ 
mercial  2.4.5-T  and  in  2,4,5-T  samples  used 
in  animal  experiments. 


This  product  is  reacted  with  chloroacetlc 
acid  under  mildly  alkaline  conditions.  Sulfu¬ 
ric  acid  (HiS04)  is  then  added  to  the  prod¬ 
uct  of  this  step  to  produce  2,4,5-T.  The  acid 
form  of  2,4.5-T  can  be  readily  reacted  with  a 
variety  of  alcohols  to  produce  a  large  selec¬ 
tion  of  esters  and  with  amines  to  produce 
amine  salts  13). 

During  the  first  step  in  the  msuiufactur- 
ing  pincess  of  2.4,5-T,  if  temperature  and 
pressure  are  not  carefully  controlled,  highly 
toxic  contaminants,  polychlorinated  dl- 
benzo-p-dioxins,  may  be  formed  in  large 
quantities.  The  particular  dioxin  formed  is 
dependent  on  the  chlorophenols  present  (4). 
The  term  dioxin  does  not  apply  to  any  one 
compound  but  to  a  group  of  related  sub¬ 
stances,  which  are  distinguished  by  the 
number  and  orientation  of  chlorine  atoms 
they  contain.  Dioxin  toxicity  also  varies 
with  the  position  and  numbers  of  chlorines 
attached  to  the  phenol  rings. 

In  the  2,4,5-T  manufacturing  process  an 
especially  toxic  dioxin,  2,3,7,8-tetrachlorodi- 
benzo-p-dloxin  (TCDD),  is  formed  when  the 
reaction  temperature  is  excessive  (8,  9,  10, 
11,  12),  most  commonly  at  temperatures 
above  160*C.  Halogens  at  the  2,  3,  and  7  po¬ 
sitions  are  known  to  produce  toxic  dioxins 
(.13).  In  the  case  of  TCDD,  the  chlorine 
atoms  are  attached  at  the  2,  3,  7,  and  8  posi¬ 
tions  which  are  considered  the  most  toxic 
positions  possible  (14).  The  dioxin  contami¬ 
nant  in  2,4,5-T  is  of  particular  concern  be¬ 
cause  of  its  extremely  high  toxicity,  and  be¬ 
cause  of  the  apparent  inability  of  manufac¬ 
turers  to  produce  2,4,5-T  without  the  con¬ 
taminant,  TCDD  ( 7).  * 

TCDD  (XKurs  as  a  white  crystalline  solid. 
It  is  99.5  percent  decompo^  at  800*C. 
TCDD  has  the  following  solubility  in  var¬ 
ious  solvents  at  25*C  ( 7). 


Solvent 

Solubility  ■ 

0.011 

0.067 

Dimethylsulfoxlde .... _ 

<00.01 

0.001 

Water _ 

>0.00000002 

‘Weight  percent. 

>(0.2ppb) 

It  has  been  recognized  for  quite  some  time 
that  chlorinated  dlbenzo-p-dioxins  occur  as 
possible  by  products  (contaminants)  in  the 
manufacturing  of  chlorinated  phenols  (15). 
The  formation  of  TCDD  during  production 
of  2,4,5-TCP  was  demonstrated  by  Klmmlg 
and  &hulz  (iff).  TCDD  was  obtained  from 
the  pi^lyzing  of  2,4,5-TCn*  by  Higgin¬ 
botham  et  al.  (11).  They  noted  that  the  spe¬ 
cific  dioxin  formed  depended  on  the  chloro- 
phenol  psrrolyzed.  Kearney  et  al.  (17),  how¬ 
ever,  reported  that  TCDD  is  historically  as¬ 
sociated  with  any  pesticide  derived  from 
2,4,5-TCP.  A  number  of  researchers  (12,  18, 
19,  20,  21)  have  reported  on  the  formation 
of  TCDD  by  thermal  decomposition  of  the 
sodium  salt  of  2.4,5-TCP  under  alkaline  con¬ 
ditions  during  the  manufacturing  process. 

Since  1950,  most  of  the  chemical  Industry 
has  known  that  large  quantities  of  TCDD 
may  be  formed  as  a  byproduct  of  the  2,4,5- 
TCP  manufacturing  process  if  the  proce¬ 
dures  are  not  carefully  controlled.  At  one 
time,  2,4,5-T  was  produced  which  contained 


*Since  manufacturers  are  unable  to  pro¬ 
duce  2,4,5-T  without  TCDD,  all  references 
to  2,4,5-T  in  this  document  refer  to  2,4,5-T 
contaminated  with  some  level  of  TCDD. 


between  30  to  40  ppm  of  TCDD  (7,  22,  55). 
Between  1968  and  1969,  one  manufacturer 
had  a  90  percent  decrease  in  the  amount  of 
TCDD  present  in  the  2,4,5-T  it  produced. 
Different  manufacturers  produced  2,4,5-T 
with  different  TCDD  contents  (17). 

After  concern  arose  in  1969  about  the  ex¬ 
tremely  toxic  effects  of  TCDD,  manufactur¬ 
ing  methods  were  changed  and  carefully 
controlled  by  manufacturers.  By  1971  indus¬ 
try  had  reduced  TCDD  content  in  commer¬ 
cial  samples  of  2,4,5-T  to  less  than  1  ppm  (9, 
23,  24).  Current  U.S.  manufacturing  specifi¬ 
cations  require  2,4,5-T  presently  being  sold 
to  contain  less  than  0.1  ppm  TCDD  ( 7).  Sev¬ 
eral  countries  now  produce  commercial 
2,4,5-T  containing  less  than  0.05  ppm  TCDD 

(25) . 

C.  Formulation  and  class.  2,4,5-T  is 
classed  and  used  as  a  selective  herbicide,  es¬ 
pecially  for  brush  control  (2).  It  is  formulat¬ 
ed  in  many  forms  of  salts  and  esters  which 
are  available  as  emulsifiable  concentrates 
containing  2,  4,  or  6  poimds  actual  acid 
equivalent  per  g^on  and  as  oil  soluble  con¬ 
centrates  with  4  or  6  pounds  active  ingredi¬ 
ent  (Al)  per  gallon.  The  most  commonly 
used  formulations  are  the  low  volatile  esters 

(26) .  2.4.5-T  also  occurs  in  registrations 
mixed  with  2.4-D,  Dicemba,  Picloram, 
SUvex,  and  2-(2-methyl-4-chlorophenoxy) 
propionic  acid  (27). 

D.  Registered  uses  and  production.  2.4,5-T 

has  been  produced  as  a  registered  pesticide 
in  the  United  States  since  1948.  According 
to  EPA  records,  approximately  122  compa¬ 
nies  hold  Federal  registrations  and  formu¬ 
late  424  registered  products;  eleven  compa¬ 
nies  have  former  State  registration  *  and  to- 
mulate  21  products^ _ 

Section  7(c)  of  FIFRA  requires  manufac¬ 
turers  and  formulators  to  submit  to  EIPA  in¬ 
formation  on  production,  sales,  and  distribu¬ 
tion.  Under  FIFRA  sections  7(c)  and  10,  this 
information  may  not  be  made  available  to 
the  public.  A  confidential  memorandum 
containing  this  information  has  been  sent  to 
the  Deputy  Assistant  Administrator  for  Pes¬ 
ticides  (28).  The  Pesticide  Review  (29)  re¬ 
ported  that  11,626,000  poimds  of  2.4,5-T 
acid,  esters,  and  salts  were  produced  in  the 
United  States  in  1969  and  12,335,000  pounds 
in  1970.  The  Pesticide  Review,  (29)  also  re¬ 
ported  that  the  United  States  imported 
738,907  pounds  of  2,4,5-T  during  1971 
through  1974.  *  Of  this  total  155,342  pounds 
were  imported  in  1974.  This  was  down  from 
nearly  392,000  poimds  in  1973  but  up  from 
the  5-year  average  of  148,000  pounds.  While 
The  Pesticide  Review  (29)  does  not  report 
export  figures  for  2,4.5-T  alone,  it  does 
report  exports  of  2.4-D  and  2,4.5-T  together. 
Export  of  2,4-D  and  2.4,5-T  was  reported  at 
6.8  million  pounds  in  1972;  21  mlUlon 
pounds  in  1973;  and  almost  22  million 
pounds  in  1974. 

A  great  deal  of  variability  exists  in  reports 
on  usage  of  2.4.5-T.  Agricultural  end-use 
data  obtained  from  the  National  Study  of 


’Pesticide  products  formerly  registered 
under  state  pesticide  registration  laws  and 
shipped  or  distributed  for  sale  solely  within 
intrastate  commerce  are  subject  to  Federal 
pesticide  regulations  under  40  C7FR 
162.17(a).  Application  has  been  made  to 
obtain  Federal  registration  for  intrastate 
use  of  these  products.  For  a  list  of  trade 
names  under  which  2.4,5-T  is  marketed,  see 
the  registrant/product  list  attached  to  this 
document.  000 

’The  level  of  TCDD  in  the  Imported  2,4,5- 
T  was  not  reported. 
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Agricultural,  Oovemmental,  and  Industrial  (30),  Indicated  the  following  uses  of  2,4, 5-T 
Uses  of  Pesticides,  conducted  by  this  Agency  in  the  United  States  in  1974. 


1  1 

iCrop  1 

poun(3s  Al 
applie(i 

%  total  1 

agr iculture I 

iRangelancJ  an(3  Pastures  1 

968,000 

97.24  1 

Ipice— 1 
1  1 

16,000 

1.54  1 

1  1 

iFursery  Crop  1 

1  1 

12,000 

1 

1.20  1 

1 

1  1 

iTurf  an<3  Ornamentals  I 

1  1 

200 

1 

0.02  1 
« 

1  I 

1  Blueberries— ^  I 

1  1 

8 

1 

1 

-  1 

1  1 
iFstirratecJ  total  use  I 

996,000 

1 

j 

100.00  1 

1  in  agriculture  for  1974  | 

1 

1 

a/  The  Agency  has  looked  at  effects  on  aquatic  organ¬ 
isms  representative  of  species  likely  to  be  exposed 
from  application  of  the  tr iethylamine  formulation  of 
2, 4, 5-T  to  rice.  The  calculated  concentration  of  this 
formulation  in  a  6-inch  layer  of  water  at  the  highest 
recommended  use  rate  is  0.9  ppm.  The  LC-50  bioassay 
values  for  bluegill  and  catfish  are  v;ell  above  this 
level  (ranging  from  a  24-hour  LC-50  of  53  ppm  for 
bluegill  to  a  96-hour  l.C-50  of  >72  ppm  for  bluegill 
and  channel  catfish).  Rainbow  trout,  which  cannot  be 
considered  "representative  of  the  organisms  likely  to 
be  exposed"  in  the  geographic  areas  where  rice  is  grown, 
have  a  96-hour  r.C-50  ranging  from  0.7  to  0.07  ppm,, 
b/  This  is  no  longer  a  registered  use. 


In  addition,  this  survey  reported  that 
324,491  poimds  of  active  2,4,5-T  were  used 
by  Federal  and  State  agencies  and  659,463 
pounds  by  industry. 

Other  sources  have  reported  usages  for 
1974  as  follow:  Rights-of-way.  4  million 
pounds;  rangeland,  1.5  to  2.3  mMon  poimds;  | 
rice,  220,000  pounds:  and  forestry.  50,000 
poimds. 

E.  Metabolism  in  Experimental  Systems. 
Several  studies  have  demonstrated  that 
2.4.5-TCP  is  the  primary  degradation  prod¬ 
uct  or  metabolite  formed  in  the  breakdown 
of  2.4,5-T,  by  either  physical  or  biological 
mechanisms.  Crosby  and  Wong  (31)  found 
that  2,4,5-TCP  was  one  of  the  major  decom¬ 
position  products  in  the  photodecomposi- 
tlon  of  2,4,5-T  in  water.  Sharpee  (32)  found 
that  microbial  degradation  of  2,4,5-T  in  cul¬ 
ture.  soU.  and  aquatic  ecosystems  resulted  in 
the  formation  of  small  amounts  of  2,4,5- 
TCP. 

Shafik  et  al.  (33)  dosed  Sprague-Dawley 
rats  by  gavage  with  2,4.5-T  at  50.  5.  0.05,  and 
0.005  mg/kg  for  three  days.  Two  rats  were 
dosed  at  each  level.  The  authors  found  that, 
at  0.005  mg/kg,  excretion  of  2,4.S-T  in  urine 
was  complete  two  days  after  the  final  dose. 
They  also  found  2,4,5-TCP  excreted  as  a  me¬ 
tabolite  in  the  urine  of  rats  given  50  mg/kg, 
but  no  detectable  2,4,5-TCP  was  found  at 
the  two  lowest  dose  levels.  A  hydroxylated 
trichlorophenoxyacetic  acid  and  a  hydroxy- 
lated  trichlorophenol  were  identified,  by  un¬ 
confirmed  mass  spectrometric  analysis,  as 


possibly  being  two  additional  metabolites  of 

2.4.5- T. 

Orunow  et  al.  (34)  studied  seven  male 
Wistar  rats  fed  a  single  2.4.5-T  dose  at  50 
mg/kg  body  weight.  They  found  that  the 
daily  renal  excretion  of  free  2,4,5-T  was,  in 
general,  at  its  maximum  on  the  second  day 
after  feeding.  After  seven  days,  free  2,4,5-T 
in  the  urine  decreased  to  a  value  below  2 
percent  for  all  amimals.  In  addition  to  2,4,5- 
T  excreted  in  the  free  form,  the  authors 
found  it  to  be  excreted  as  derivatives  which 
could  be  converted  into  2,4,5-T  by  acid  hy¬ 
drolysis.  They  were  able  to  Identify  one  of 
these  as  N(2.4.5-trichlorophenoxyacetyl) 
glycine. 

Onmow  and  Bohme  (35),  in  a  study  using 
Wistar  rats  and  NMRI  mice,  fed  doses  of 

2.4.5- T  at  200  mg/kg  body  weight.  These  au¬ 
thors  isolated  N(2.4,5-tiichlorophenoxy- 
acetyl)  taurine  as  a  metabolite  of  2,4,5-T,  in 
addition  to  the  metabolites  named  above. 

Clark  et  al.  (38)  found  residues  of  2,4,5- 
I  TCP  in  the  muscle,  liver,  and  kidney  of 
I  sheep  which  were  fed  rations  containing 
2,000  ppm  of  2.4,5-T  for  28  days.  The  2.4,5-T 
used  in  this  study  had  a  purity  of  99  percent 
.  and  contained  no  detectable  dioxin  (detec- 
I  tion  limit:  0.5  ppm). 

Leng  (37)  conducted  a  feeding  study 
during  1969  and  1970,  in  which  dairy  and 
beef  cattle  and  sheep  were  given  2.4,5-T  at 
levels  from  10  to  2,000  ppm  in  the  total  diet 
for  intervals  of  two  to  four  weeks  at  each 
level  tested.  The  author  reported  that  no  re¬ 
sidues  (<0.05  ppm)  octnirred  in  milk  or 
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cream  of  cows  Ingesting  10  to  30  ppm  2,4,5- 
T.  At  100  ppm  2.4,5-T  in  the  diet,  traces  of 

2.4.5- TCP  (0.06  ppm)  appeared  in  milk  and 
cream.  When  given  high  levels  of  2.4,5-T, 
equivalent  to  300  and  1,000  ppm  in  the  total 
diet,  residues  of  2,4,5-T  and  2.4,5-TCP 
ranged  from  0.05  to  0.5  ppm  in  the  milk  of 
individual  cows. 

Fitzgerald  et  al.  (38),  studsing  the  degra¬ 
dation  of  2,4,5-T  in  woody  plants,  reported 
that  colorimetric  analysis  suggested,  and 
chromatographic  analyses  confirmed,  that 
the  n-butyl  ester  of  2.4.5-T  is  degraded  in 
sweet  gum  (Liquidambar  styraciflna)  and 
southern  red  oak  (Quercus  /alcata)  to  yield 

2.4.5- TCP. 

F.  Environmental  fate.—(\)  Persistence: 
Soils.  Soil  surface  and  foliage  are  the  major 
recipients  of  phenoxy  herbicides  (39) 
whether  applied  by  groimd  spray  systems  or 
from  aircraft.  Once  2.4,5-T  reaches  the  soil 
it  may  be  degraded  chemically  or  biological¬ 
ly.  volatilized  and  moved  to  other  areas,  ab¬ 
sorbed  on  soU  colloids  or  in  organic  matter, 
or  leached  to  depths  or  location  where  it 
cannot  be  absorbed  by  plant  roots  (47). 

Norris  et  al.  (176)  reported  on  the  persis¬ 
tence  of  2,4.5-T  in  a  Pacific  Northwest 
forest.  The  authors  found  that  6  months 
after  application  of  2,4,5-T  at  2.24  kg/ha  (2 
pounds/acre),  the  level  of  herbicide  in  the 
forest  floor  declined  90  percent;  after  1 
year,  less  than  0.02  kg/ha  remained  in  the 
forest  floor.  The  authors  found  little  leach¬ 
ing  of  2,4,5-T  from  the  forest  floor  into  soU, 
and  no  residues  were  found  deeper  than  15 
cm  (maximum  residue  found  was  0.08  ppm) 
despite  rainfall  of  24  cm  the  first  month 
and  70  cm  the  first  3  months  after  applica¬ 
tion.  Norris  et  al.  (176)  stated  that  the  rapid 
disappearance  of  2,4,5-T  from  the  forest 
floor  suggests  abundant  microbial  activity. 
Norris  (40)  reported  microbial  activity  to  be 
important  in  the  disappearance  of  2.4,5-T 
from  forest-floor  material  in  the  laboratory. 

Wiese  and  Davis  (41)  found  that,  in  an  ag¬ 
ricultural  soil,  2,4,5-T  remained  in  the  upper 
6  Inches  even  after  application  of  4.5  inches 
of  water  over  a  short  period  of  time. 

Helling  et  al.  (39)  found  that  2,4,5-T  is  rel¬ 
atively  mobile  in  sandy  soils  but  that  move¬ 
ment  decreases  as  organic  content  increases. 
Thus  2,4.5-T  is  moderately  mobUe  in  clay 
soils  and  only  slightly  mobile  in  muck  (42). 

Toshldo  and  Castro  (43)  studied  the  deg¬ 
radation  of  2.4-D,  2,4,5-T,  and  Plcloram  in 
two  Philippine  soils  under  upland  and  sub¬ 
merged  conditions.  The  authors  found  the 
degradation  of  2.4,5-T  to  be  rapid  in  Maahas 
clay.  Slightly  more  2,4,5-T  residues  were  re¬ 
covered  in  submerged  than  in  upland 
Maahas  soil.  In  Luisiana  soil  under  sub¬ 
merged  conditions.  2,4,5-T  degraded  rapidly 
in  8  weeks  after  a  4-week  lag  period,  while  it 
degraded  gradually  imder  upland  condi¬ 
tions,  with  only  about  40  percent  of  the 

2.4.5- T  recovered  after  12  weeks. 

Morton  et  al.  (44),  using  technical  grade 

2.4.5- T  labeled  in  the  carboxyl  position  with 
carbon-14,  found  that  its  apparent  half-life 
averaged  1.6  weeks  in  green  tissues  of  native 
grasses  at  College  Station  and  Spur.  Tex., 
and  1.7  weeks  in  litter  tissue.  The  authors 
stated  that  the  amount  and  frequency  of 
ralnfaU  were  conducive  both  to  leaching  and 
microbial  decomposition  of  the  herbicide. 
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and  to  growth  of  sideoats  gramma  plants, 
all  of  which  were  factors  contributing  to 
rapid  reduction  of  herbicide  concentrations. 

When  considering  the  persistence  of  2,4,5- 
T,  the  persistence  of  its  manufacturing  con¬ 
taminant,  TCDD,  must  also  be  considered. 
Helling  et  al.  ( Ji^ound  that  TCDD  was  not 
photodecomposed  on  soU.  TCDD  was  found 
to  be  Immobile  in  Norfolk  and  Lakeland 
sandy  loams,  Hagerstown  silty  clay  loam, 
Barnes  Clay  loam,  and  Celeryvllle  muck, 
and  was  not  leached  further  into  soil  by 
rainfall  or  irrigation.  During  surface  erosion 
of  soil,  however,  lateral  transport  of  TCDD 
could  occur.  The  persistence  of  TCDD  in 
Lakeland  loamy  sand  and  Hagerstown  sUty 
clay  loam  at  1,  10,  and  100  ppm  was  studied 
by  Kearney  et  al.  (.46)  for  360  days.  After  1 
year  these  researchers  recovered  56  and  63 
percent  of  the  originally  applied  TCDD  in 
Hagerstown  and  Lakeland  soils,  respective¬ 
ly.  Helling  et  al.  (39)  observed  that  TCDD’s 
persistence  was  predictable  since  it  is  insolu¬ 
ble  in  water. 

(2)  Persistence:  Water.  Current  informa¬ 
tion  indicates  that,  although  some  2,4.5-T 
may  enter  streams  flowing  through  or  adja¬ 
cent  to  areas  being  sprayed,  residue  levels  in 
streams  will  be  very  low.  Norris  (47)  report¬ 
ed  the  results  of  an  intensive  study  of 
stream  contamination  from  spray  projects 
on  range  and  forest  lands  in  Oregon  which 
showed  that  peak  concentrations  of  phen- 
ozy  herbicides  seldom  exceeded  0.1  ppm  and 
that  herbicide  residues  persisted  for  only  a 
few  hours  in  nearly  all  streams.  Norris  (47) 
speculated,  however,  that  application  of 
herbicides  to  marshy  areas  may  result  in 
high-level,  long  i>ersistence  of  chemical  resi¬ 
dues  in  nearby  streams. 

The  Report  of  the  Advisory  Committee  on 

2,4,5-T  to  the  Administrator  of  the  Ekivlron- 
mental  Protection  Agency  (48)  stated  that 
all  available  data  indicated  that  the  amount 
of  2,4,5-T  entering  water  is  small. and  does 
not  persist  long.  It  is  adsorbed  on  clay  or  ab¬ 
sorbed  by  biota  within  a  matter  of  dasrs. 

Phenoxy  chemicals  entering  water  may  be 
lost  by  volatilization,  degradation,  adsorp¬ 
tion  on  sediment,  adsorption  by  biota,  and 
dilution  as  additional  stream  water  passes 
through  the  site.  Almost  all  authorities 
agree  that  there  is  adsorption  on  bottom 
sediment  (48,  49,  SO). 

Kenaga  (SI)  stated  that  esters  of  2,4,5-T 
in  most  kinds  of  water,  except  highly  acidic 
waters,  are  usually  ^drolyzed  within  a 
matter  of  days.  When  the  2-ethylhexyl  ester 
of  2,4,5-T  was  applied  to  water  in  the  labora¬ 
tory  at  a  concentration  of  1  ppm  for  an  hy¬ 
drolysis  study,  58  percent  remained  after  4 
hours;  33  percent  after  8  hours;  and  12  per¬ 
cent  after  16  hours. 

Trichell  et  al.  (S2),  studying  the  loss  of 
herbicides  in  runoff  water,  found  2  ^g/ml  of 

2,4,5-T  in  runoff  water  24  hours  after  it  was 
applied  at  2.24  kg/ha,  after  which  1.3  cm  of 
rainfall  was  simulated  on  sod-covered  plots 
of  3  percent  slope.  Four  months  after  appli¬ 
cation,  concentrations  of  2,4,5-T  in  runoff 
water  had  diminished  to  0.04  ns/ml. 

Edwards  and  Glass  (S3)  monitored  nmoff 
and  percolation  of  2,4,5-T  at  Coshocton, 
Ohio,  for  14  months  following  application  of 
11.2  kg/ha  of  2,4,5-T  and  found  that  5.5  g/ 
ha,  or  over  0.05  percent  of  the  herbicide, 
was  lost  from  the  treated  area.  Most  of  the 

2,4,5-T  was  removed  in  runoff  water  during 
the  first  4  months  after  application,  and 
more  than  half  of  the  loss  occiirred  the  first 
month  after  treatment. 

Kearney  et  al.  (46)  concluded  that  con¬ 
tamination  of  underground  water  supplies 
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with  TCDD  seemed  very  unlikely,  since  ver¬ 
tical  movement  of  TCDD  did  not  occur  in  a 
wide  range  of  soil  tsri>es.  The  fact  that  no 
leaching  occurred,  however,  would  not  pre¬ 
clude  runoff  loss  when  soil  erosion  is  signifi¬ 
cant  (39). 

(3)  Transport  Isensee  and  Jones  (54)  mea¬ 
sured  uptake  of  TCDD  from  soil  by  two 
crop  species.  Oats  (Avena  sativa)  and  soy¬ 
beans  (Qlycine  max  )  were  grown  in  Lake¬ 
land  sandy  loam  soil  treated  with  0.06  ppm 
TCDD.  The  concentration  of  TCDD  in  soil 
was  approximately  4,000  times  greater  than 
the  amount  that  would  be  deposited  in  soil 
from  an  application  of  2,4,5-T  (with  1  ppm 
TCDD)  at  a  rate  of  2  pounds/acre  in  the  top 
one-third  inch  of  the  soil  surface.  The  tops 
of  these  plants  were  harvested  at  intervals 
to  maturity.  Mature  okts  and  soybean  tops 
contained  less  than  1  part  per  billion  (ppb) 
TCDD.  TCDD  was  detected  (with  a  detec¬ 
tion  limit  of  1  ppb)  in  mature  oat  grain, 
while  no  TCDD  was  found  in  the  bean  of 
soybeans.  The  authors  concluded  that  soil 
uptake  of  TCDD  by  plants  was  highly  un¬ 
likely,  since  little  or  no  TCDD  was  taken  up 
by  oats  or  soybeans  under  the  conditions  of 
this  experiment  (54). 

(4)  Bioaccumvlation.  Woolson  et  al.  (55) 
conducted  a  study  to  determine  if  TCDD  re¬ 
sidues  could  be  detected  in  bald  eagle  (Ha- 
liaectas  leucocephaltu)  tissue  extracts,  as  a 
representative  of  the  top  of  a  food  chain. 
Scientists  at  the  Patuxent  Wildlife  Center 
(n.S.  Department  of  the  Interior,  Laurel, 
Md.)  collected,  and  furnished  to  these  re¬ 
searchers,  19  bald  eagle  carcasses  from 
Alaska,  Klalne,  North  Dakota,  Wisconsin, 
Michigan,  Minnesota,  Arkansas,  Illinois, 
Idissourl,  Maryland,  Virginia,  Iowa,  New 
York,  New  Jersey,  and  Florida  between  1966 
and  1971.  These  States  were  selected  as  sam¬ 
pling  sites  in  order  to  provide  a  widely  dis¬ 
persed  sample  population.  The  eagle  tissues 
were  prepared  and  extracted  as  described  by 
Mulheam  et  al.  (56).  Woolson  et  al.  (55)  de¬ 
tected  no  dioxin  residues  at  a  level  of  0.05 
ppm  TCDD,  the  lower  limit  of  detection  for 
most  pesticides  in  tissue  samples  run  by  the 
Patuxent  Wildlife  Research  Center  at  that 
time.  The  authors  stated  that  the  nondetec¬ 
tion  of  dioxin  residues  could  imply  that 
there  was  no  dioxin  buildup  in  the  food 
chain;  that  the  buildup  was  less  than  the 
[then]  currrent  detectable  level  of  0.05  ppm 
[50  ppb];  that  the  eagles  examined  were  not 
contaminated  although  other  samples 
might  be;  or  that  other  species  could  feed 
on  a  different  food  chain  to  accumulate 
dioxins. 

Isensee  and  Jones  (57)  exposed  several  or¬ 
ganisms  in  a  model  aquatic  ecosystem  to 
*K]-labeled  TCDD  for  up  to  31  days  to  de¬ 
termine  the  distribution  and  bioacumula- 
tion  potential  in  the  aquatic  envlroiunent. 
Soil  containing  from  0.0001  to  7.45  ppm  ad¬ 
sorbed  **C-TCDD  was  placed  in  aquaria, 
containing  eight  snails  (Physa  sp.)  a  few 
strands  of  algae  (Oedopontum  cardvLOCum), 
and  10  ml  of  old  aquarium  water  containing 
various  diatoms,  protozoa,  and  rotifers.  Fif¬ 
teen  duckweed  (Lemna  minor)  plants  were 
also  added  to  one  aquarium.  Samples  of 
daphnlds  were  taken  for  analysis  at  30  days, 
and  two  mosquito  fish  (Qambusia  ajyinis) 
were  added  to  each  tank.  Three  days  later 
all  of  the  organisms  were  removed  for  anal¬ 
ysis,  and  two  flngerling  channel  catfish  (/c- 
talurus  punctatus)  were  added  to  each  tank 
and  exposed  for  6  days. 

The  authors  stated  that  all  organisms  in 
both  treatment  and  control  tanks  prospered 
during  this  exposure  period,  indicating  that 


TCDD  was  not  toxic  at  the  concentrations 
used.  TCDD  accumulated  in  all  organisms. 
At  the  highest  TCDD  concentration  (7.45 
ppm)  algea  acciunulated  6,690±  960  ppb 
IGDD;  snails.  1,820±170  ppb;  daphnids, 
10,400  ±480  ppb;  and  Gambusia,  1,380 ±220 
ppb.  Catfish  were  not  analyzed  for  TCDD 
residues.  At  the  second  highest  TCDD  con- 
centraion  (3.17  ppm),  however,  catfish  accu¬ 
mulated  720±130  ppb  TCDD.  The  authors 
stated  that  accumulation  in  all  of  the  test 
organisms  from  soil  containing  0.1  ppb 
TCDD  is  important  since  this  concentration 
approaches  the  concentration  which  would 
occur  under  normal  field  use  of  2,4,5-T.  The 
authors  concluded  that  the  data  suggested 
that  imder  certain  circumstances  (discharge 
of  storm  runoff  from  recently  treated  ran¬ 
geland  into  a  small  pond),  water-eroded  sur¬ 
face  soil  or  debris  may  contain  enough 
TCDD  for  measurable  residues  (parts  per 
thousant  (ppt)  quantities)  to  accumulate  in 
fish  or  other  aquatic  organisms.  However, 
the  authors  speculated  that  TCDD,  origi¬ 
nating  from  2,4.5-T  applications,  discharged 
into  large  lakes,  streams,  or  estuaries  would 
probably  become  sufficiently  diluted  so  that 
no  measurable  accumulation  would  occur. 

As  part  of  a  broad  study  to  determine 
whether  2,4,5-T  use  leads  to  TfTDD  accumu¬ 
lation  in  the  environment.  Shadoff  et  al. 
(56)  collected  samples  of  fish,  mud.  water, 
and  human  milk  from  areas  in  Texas  and 
Arkansas.  The  Texas  samples  of  water,  mud, 
catfish,  and  walleyed  pike  were  collected 
from  the  San  Angelo  Reservoir,  an  im¬ 
poundment  of  the  North  Concho  River.  The 
authors  stated  that  this  watershed  has  large 
acreages  that  have  been  sprayed  with  2,4,5- 
T  at  0.5  poimds/acre  (2,4.5-T  add  equiv¬ 
alent)  for  brush  control.  These  researchers 
also  obtained  six  samples  of  human  milk 
from  mothers  residing  in  general  area  of  the 
San  Angelo  Reservoir.  In  addition,  baas 
from  a  125-acre  pond  in  the  heart  of  the  Ar¬ 
kansas  rice-growing  area  were  collected. 
Water  from  this  pond  is  used  to  flood  rice 
fields  treated  with  the  equivalent  of  1.25 
pounds/acre  of  2.4.5-T.  add,  4  to  8  weeks 
prior  to  flooding.  The  water  is  later  drawn 
off  the  fields  and  pumped  back  into  the 
pond  for  reuse.  In  addition,  the  pond  is  sup¬ 
plemented  by  water  from  wells  and  by  water 
collected  as  runoff  from  surrounding  rice 
fields  during  the  rainy  season.  The  authors 
stated  that  this  cyde  had  been  in  use  (In- 
cluding  the  proper  use  of  2.4.5-T)  for  18 
years  up  to  the  time  of  their  study.  The  au¬ 
thors  stated  that  no  TCDD  was  detected  in 
the  tissues  sampled,  using  a  gas  chromato- 
gnq}hy-mass  spectrometry  procedure  with  a 
detection  limit  which  averaged  leas  than  10 
ppt.  No  evidence  was  foimd  that  TCDD  is 
accumulating  in  the  environment  from  the 
use  of  2,4,5-T  described  in  this  study. 

G.  Residues.— (1)  SoiL  Woolson  et  al.  (55) 
studied  Lakeland  sandy  soil  to  determine  if 
TCDD  residues  could  be  detected  in  soil  re¬ 
ceiving  exceedingly  large  applications  of  2,4- 
D  and  2.4,5-T.  The  heaviest  rate  of  2.4.5-T 
application  was  947  pounds-acre  applied  ae- 
rlsdily  during  1962  through  1964,  while  the 
lightest  rate  was  160  pounds-acre  applied  ae¬ 
rially  during  1968  and  1969.  During  this 
period,  it  was  not  uncommon  for  commer¬ 
cial  samples  of  2.4,5-T  to  contain  levels  of  30 
to  40  ppm  TCDD. 

The  authors  were  able  to  detect  small 
amounts  of  2,4.5-T  in  the  soil  samples.  They 
observed  that  the  residue  level  decreased 
with  time  after  application  and  stated  that 
leaching  and  microbial  decomposition  could 
account  for  this  decrease.  Usi^  a  detection 
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limit  of  le  than  1  ppb,  the  authors  did  not 
detect  an  TCDD  at  any  depth  In  36-lnch 
core  samples  of  the  soU. 

(2)  Water.  In  October  1965,  the  U.S.  Geo¬ 
logical  Survey  Initiated  a  limited  program  of 
pesticide  monitoring  on  11  waterways  In  the 
west  United  States  (59).  The  streams,  repre¬ 
senting  agricultural  areas  were  the  probabil¬ 
ity  of  observing  pesticide  residues  would  be 
greater.  Included  the  Missouri,  Brazos,  Yel¬ 
lowstone,  Sacramento.  Colorado,  Arkansas, 
Yakima,  Rio  Grande,  and  Snake  Rivers. 
Pesticides  chosen  for  analysis  Included  the 
Insecticides  aldrln,  ODD.  DDE,  DDT,  dlel- 
drln,  endrln,  heptachlcr,  heptachlor  epox¬ 
ide,  and  lindane,  and  the  herbicides  2,4,-D. 

2.4.5- T.  and  sllvex.  The  authors  reported 
that  no  herbicide  was  found  at  any  time  at 
any  station  during  the  first  year  of  the  sam¬ 
pling  program.  The  lower  limit  of  sensitivity 
(detection)  was  5  ppt. 

Manlgold  and  Schulze  (69),  reporting  on 
the  results  of  the  UJS.  Geological  Survey 
stream  monitoring  program  for  the  2-year 
period  October  1966  to  September  1968,  ob¬ 
served  that  beglrmlng  In  August  1967  2,4-D, 
sllvex,  and  2,4,S-T  had  been  detected  fre¬ 
quently.  2.4.5-T  was  found  In  28  of  the  320 
samples  and  ranged  from  0.01  to  0.07  ppb. 
The  authors  stated  that  the  established  cri¬ 
teria  permitted  100  /ig/llter  (ppb)  for  herbi¬ 
cides.  These  authors  reported  that  the  ana¬ 
lytical  procedures  were  changed  from  the 
preceding  report  to  use  Law’s  sample 
cleanup  proc^ure,  which  permits  routine 
detection  of  pesticides  at  0.005  ftg/llter  In 
most  waters. 

Norris  (.47)  observed  that  peak  concentra¬ 
tions  of  phenoxy  herbicides  seldom  exceed¬ 
ed  0.1  ppm  In  streams  contaminated  from 
spray  projects  on  range  and  forest  lands  In 
Oregon. 

Lawson  (61)  studied  2,4,5-T  residues  In 
storm  runoff  from  three  small  watersheds 
In  Arkansas.  Two  watersheds,  one  cleared 
and  the  other  partially  cut,  were  sprayed 
with  the  Isooctyl  ester  of  2,4,5-T.  A  third 
watershed,  adjacent  to  the  two  treated  ones, 
was  used  as  a  control.  Spraying  was  done  In 
September  1971,  June  1972,  and  July  1973, 
either  to  control  woody  sprouts  and  broad- 
leaf  vegetation  or  Just  to  provide  herbicide 
application  for  monitoring.  The  cleared  wa¬ 
tershed  was  treated  with  4  pounds  acid 
equivalent  per  acre  and  the  partially  cut  site 
with  2  pounds/acre. 

In  water  samples  taken  after  the  first 
nmoff-produclng  storm  Jn  October  1971, 
Lawson  (61)  detected  an  average  of  2.1  ppm 

2.4.5- T  from  the  cleared  watershed  and  1.0 
ppm  from  the  partially  cut  site.  Maximum 
amounts  detected  were  2.2  and  1.3  ppm  for 
the  two  areas.  No  2,4,5-T  was  detected  from 
the  control  site. 

Only  trace  amounts  (less  than  0.2  ppm) 
were  detected  from  each  of  the  two  treated 
sites  after  the  next  runoff-producing  storms 
In  November  1971.  None  was  detected  from 
the  control. 

In  approximately  90  samples  taken  after 
storms  during  the  period  December  1971 
through  September  1973,  no  2,4,5-T  was  de¬ 
tected  by  Lawson  (61)  In  the  runoff  from 
the  treated  or  control  water  sheds. 

Since  TCDD  Is  immobile  in  soil  (39)  and 
soluble  in  water  at  only  0.2  ppb  ( 7),  the  pos¬ 
sibility  of  ground  water  contamination  is 
virtually  nonexistent  (46).  TCDD  could  be 
present  in  runoff  when  soil  erosion  is  sig¬ 
nificant  (39),  and  thus  TCDD  contamina¬ 
tion  of  water  bodies  could  occur. 

A  recent  National  Academy  of  Sciences 


report  on  drinking  water  stated  that  2,4,5,-T 
and  TCDD  have  never  been  detected  in 
drinking  water;  the  limit  of  detection  was  in 
the  parts  per  trillion.  However,  the  report 
did  project  the  toxicity  of  2,4,5,-T  and 
TCDD,  their  acceptable  daily  intake,  and 
suggested  no-adverse-effect  levels  (62). 

(3)  Air.  Prior  to  1970,  phenoxy  herbicides 
were  widely  used  for  early  postemergence 
control  of  weeds  in  wheat.  Johnson  (63)  re¬ 
ported  that  air  samples  collected  during 
spring  and  summer  In  the  state  of  Washing¬ 
ton  where  these  crops  are  grown  contained 
as  much  as  0.06  fig/m  *  2,4-D  and  2,4,5-T.  As¬ 


suming  that  a  man  inhales  about  30  m*  of 
air  per  day.  the  authors  estimated  that  ex¬ 
posure  to  0.06  fig/m  *  would  amoimt  to  inha¬ 
lation  of  1.8  fig  phenoxy  herbicide/day  or 
0.025  fig/kg  of  body  weight  per  day  for  a  70 
kg  man. 

Ambient  air  monitoring  for  pesticides  in 
predominantly  agricultural  areas  of  28 
states  was  conducted  by  the  National  Air 
Monitoring  Program  in  calendear  years 
(CY)  1970  through  1972  using  ethylene 
glycol  impinger  type  samples.  Table  1  re¬ 
cords  the  arithmetic  mean  of  residues  of 

2,4,5-T  detected  in  this  program  (64). 


Table  1.  Air  Monitoring  Data  for  2,4,5-T  in  28  State 


i  Name  of 

IState  or  Cltv 

1  2,4,5-T  Eater  ! 
1  Monitored  For  I 

ng/m^ 
Cl  1970 

1  O 

!  ng/m^ 

1  CY  1971 

1  ng/m^  I 

!  CY  19721 

1 Loulsana 

{Isopropyl  esterl 

1  ND 

I  1.9  1 

1  Montana 

1  ! 

ND 

;  ND 

I  0.8  1 

{New  Mexico 

1  1 

1  I 

. 

1  ND 

1  1.0  { 

1  Idaho 

1  1 

1  i 

ND 

{  ND 

1  1.7  1 

i  Illinois 

iBOEE  1 

ND 

1  3.6 

i  ND  { 

! Oregon 

1  1 

1  • 

ND 

{  0.5 

1  ND  { 

1  Tennessee 

1  1 

1  1 

1.1 

1  ND 

1  ND  1 

! Tennessee 

1  Isooctyl  eater  I 

ND 

!  2.7 

1  ND  { 

{Oklahoma _ 1 

J _ L 

MD 

{  14.6 _ 

{  ND _ L 

ND  s  Not  Detected. 


(4)  Animals.  Phenoxy  acetic  acids  are  rela¬ 
tively  strong  acids,  and  animals  rapidly  ex¬ 
crete  them  unchanged  In  their  urine  ( J6).  In 
their  study  of  the  fate  of  atrazlne,  kuron, 
sllvex,  and  2,4,5-T  in  the  dairy  cow.  St.  John 
et  al.  (65)  found  that  dairy  cows  given  2,4,5- 
T  and  sllvex  in  their  feed  at  5  ppm  for  four 
days,  completely  eliminated  both  2,4.5-T 
and  sllvex  as  soluble  salts  In  the  urine  two 
days  after  dosing  stopped. 

Zielinski  and  Flshbeln  (66)  treated  female 
C57BL/6  mice  with  a  single  subcutaneous 
injection  of  100  mg/kg  body  weight  of  2,4,5- 
T  in  dlmethylsulfoxide  solution.  They  sacri¬ 
ficed  the  animals  at  various  Intervals  after 
injection  and  analyzed  in  toto  for  2.4, 5-T. 
The  amounts  recovered  as  percentage  of  the 
amount  injected  indicated  decreasing  levels 
at  the  following  time  intervals  after  dosing: 
at  0  hours.  77.1  ±5.0%;  at  16  hours, 
56.9±4.2%;  and  at  24  hours  23.7±3.6%. 

In  a  preliminary  report  of  a  two-year 
chronic  toxicity  feeding  study,  Dow  Chemi¬ 
cal  USA  (110)  reported  the  following  residue 
data  for  rats  fed  Indicated  TCH^D  doses: 
24,000  ppt  In  liver  and  8,100  ppt  in  fat  of  fe¬ 
males  ingesting  2,200  ppt/day;  5,100  ppt  in 
liver  and  1,700  ppt  in  fat  of  females  ingest¬ 
ing  220  ppt/day;  and  540  ppt  In  liver  and  fat 
of  females  Ingesting  22  ppt/day.  The  pre¬ 
liminary  report  gives  no  residue  data  for 
treated  males,  or  for  controls  of  either  sex. 

Piper  et  al.  (67)  studied  the  fate  of  2,4,5-T 
following  oral  administration  to  rats  and 
dogs.  Foiu*  groups  of  three  male  and  three 
female  Sprague-Dawley  rats  (Spartan 
strain)  and  two  male  and  two  female  adult 
beagle  dogs  were  given  single  doses  of  'X7-la- 
beled  2.4,5-T  by  intubation  at  5,  50. 100,  and 
200  mg/kg  body  weight  in  rats  and  5  mg/kg 
body  weight  In  dogs.  The  authors  combined  ^ 
data  obtained  for  males  and  females  since 
the  pharmacokinetics  of  2.4,5-T  were  essen¬ 
tially  the  same  in  each  sex.  In  this  study, 
the  clearance  half-life  for  5  mg/kg  2,4.5-T 
from  dog  plasma  was  77.0  hours;  in  rats  the 
half-life  was  4.7  hours  at  5  mg/kg  and  4.2 
hours  at  50  mg/kg.  At  doses  of  100  and  200 
mg/kg  body  weight,  the  clearance  half-life 


for  rats  increased  to  19.4  and  25.2  hours, 
showing  that  the  pharmacokinetics  of  2,4,5- 
T  varies  with  dose  as  well  as  with  species. 
The  authors  suggested  that  the  half-life 
values  at  100  and  200  mg/kg  body  weight  in¬ 
dicated  that  these  doses  may  have  exceeded 
the  excretory  capacity  of  the  rats. 

Zitko  (68)  assayed  chlorinated  dibenzo- 
dioxin  residues  In  aquatic  animals,  but  was 
unable  to  detect  these  compounds  (detec¬ 
tion  limit:  0.04  fig/g  [ppm]  for  TCDD)  in 
any  of  several  aquatic  animals  from  Canadi¬ 
an  locations.  The  author  had  selected  spe¬ 
cies  from  high  trophic  levels  of  the  aquatic 
food  web  to  measure  cumulative  pesticide 
contamination.  More  recently,  using  im¬ 
proved  analytical  methods  for  detection  of 
dioxin  at  ppt  levels.  Baughman  and  Mesel- 
son  (69)  found  mean  TCDD  levels  ranging 
from  18  ppt  to  810  ppt  in  fish  and  crusta¬ 
ceans  taJcen  from  Vietnamese  rivers  in 
August  and  September  1970.  TCDD  levels 
tended  to  be  higher  in  fish  from  interior 
rivers  than  in  those  from  seacoast  locations. 
In  comparison,  Baughman  and  Meselson 
found  less  than  3  ppt  TCDD  in  fish  ob¬ 
tained  in  a  market  in  Cape  Cod.  Massachu¬ 
setts.  In  another  study.  Matsumura  and 
Benezet  (70)  placed  TCDD-coated  sand  di¬ 
rectly  in  an  aquarium  containing  brine 
shrimp,  mosquito  larvae,  and  fish  (silver- 
side).  T(n}D  pickup  was  low  in  fish  (2  ppb) 
and  brine  shrimp  (157  ppb)  under  the  ex¬ 
perimental  conditions.  But  mosquito  larvae, 
which  are  bottom  feeders,  showed  a  surpris¬ 
ingly  high  rate  of  pickup  (4,150  ppb).  The 
authors  concluded  that  TCDD  was  not 
likely  to  accumulate  in  as  many  biological 
systems  as  DDT  becaiise  of  TCHAD’S  low 
solubility  in  water  and  lipids,  as  well  as  its 
low  partition  coefficient  in  lipids. 

(5)  Plants.  Clark  et  al.  (36)  reported  that, 
when  herbicides  are  applied  to  rangeland, 
the  levels  of  phenoxy  herbicides  available 
for  ingestion  by  grazing  livestock  depend 
upon  the  nature  and  degree  of  cover,  the 
rate  and  mode  of  application,  time  after  ap¬ 
plication,  and  climate  conditions.  Studies  by 
Morton  et  al.  (44)  showed  that  residues  on 
grass  immediately  after  application  of  2,4,5- 
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T  are  not  likely  to  exceed  100  to  ISO  ppm 
for  each  pound  of  actual  herbicide  applied 
per  acre. 

Leng  i37)  stated  that  herbicide  residues  in 
or  on  plants  declined  rapidly,  with  a  half- 
life  of  one  to  two  weeks,  due  to  photodecom¬ 
position  by  sunlight,  wash-off  by  rain,  me¬ 
tabolism  by  plants,  and  dilution  from 
growth  of  plants.  2,4,5-T  was  applied  to 
grass  in  four  states  at  an  application  rate  of 
4  poimds/gallon,  3  gallons/acre;  initial  resi¬ 
dues  immediately  after  treatment  in  CcJl- 
fomia  averaged  684  ppm  (or  57  ppm/pound 
applied  per  acre);  1,668  ppm  (or  139  ppm/ 
pound)  in  Michigan;  1,464  ppm  (or  122  ppm/ 
pound)  in  North  Carolina;  and  1,332  ppm  or 
(111  ppm/pound)  in  Texas.  After  two  weeks, 
residues  in  the  four  locations  averaged  26  to 
34  ppm/pound  per  acre.  After  16  weeks,  all 
residues  had  declined  to  an  average  3  ppm/ 
pound  applied  per  acre. 

Bauer  et  al.  (.71)  treated  grass  species  in¬ 
digenous  to  Victoria  County,  Tex.,  with  2 
pounds/acre  2,4,5-T  ester.  One  month  after 
application  the  concentration  averaged 
4,060  ng/g  (ppb)  for  2,4,5-T  acid  and  2,890 
ng/g  (ppb)  for  2,4.5-T  ester.  Six  months 
after  application  the  concentration  aver¬ 
aged  60  and  170  ng/g  (ppb)  for  2,4,5-T  acid 
and  ester,  repectively. 

Getzendaner  and  Hummel  (72)*  described 
a  1969  study  in  which  a  2,4,5-T  propylene 
glycol  butyl  ether  ester  formulation  was 
sprayed  on  Texas  grass  at  an  application 
rate  equivalent  to  12  pounds  of  2,4,5-T  per 
acre;  this  rate  was  6  to  24  times  the  usual 
rate  applied  to  grazing  lands  for  brush  con¬ 
trol.  At  this  time,  manufacturing  specifica¬ 
tions  for  no  detectable  TCDD  in  2,4,5-T 
used  a  method  sensitive  to  Ippm.  The  au¬ 
thors  found  that  residues  of  TCDD  de¬ 
creased  rapidly  from  about  500  ppt  TCDD 
within  one  day  of  application,  to  about  35 
ppt  TCDD  after  four  weeks,  and  about  15 
ppt  TCDD  after  16  weeks.  The  TCDD  de¬ 
crease  roughly  paralleled  the  loss  of  2,4,5-T 
from  the  same  grass. 

(6)  Humana.  Matsumura  ( 73)  studied  2,4,5- 
T  in  the  blood  and  urine  of  human  male  vol¬ 
unteers  who  had  ingested  the  chemical. 
After  ingesting  150  mg  (2.2  mg/kg),  the 
plasma  concentration  of  2,4,5-T  in  one  sub¬ 
ject  reached  a  peak  of  21.1  f.g/ml  after  fom 
hours.  A  linear,  semi-logarithmic  concentra¬ 
tion-time  curve  (a  gradient  of  -0.065)  four 
hours  post-treatment  indicated  first  order 
elimination  and  absorption  kinetics. 

In  a  second  part  of  this  study,  Matsumura 
gave  two  male  volunteers  single  oral  doses 
of  100  mg  2,4,5-T.  Urine  samples  were  col¬ 
lected  over  72  hours.  About  45  percent  of 
the  orignial  dose  was  found  in  urine  collect¬ 
ed  during  the  first  24  hours  after  treatment; 
60  percent  had  been  recovered  36  hours 
after  treatment;  and  after  72  hours,  more 
than  80  percent  of  the  original  dose  of  2,4,5- 
T  had  been  recovered. 

Oehring  et  al.  ( 74)  also  studied  the  fate  of 

2.4.5-T  following  oral  administration  to 
man.  Five  male  volunteers,  ages  31  to  58 
years,  each  ingested  a  single  5  mg/kg  oral 
dose  of  analytical  grade  2.4.5-T,  with  a 
purity  greater  than  99  percent  and  less  than 
the  detectable  level  (0.05  ppm)  TCDD.  di¬ 
rectly  or  as  a  slurry  in  milk.  Blood,  urine 
and  feces  were  collected  at  intervals  for  up 
to  96  hours  after  ingestion.  Essentially  all 
(88.5±5.11  percent)  of  the  2,4,5-T  ingested 


'Studies  submitted  by  registrants  as  part 
of  petitions  for  residue  tolerances  are  classi¬ 
fied  confidential,  pending  outcome  of  litiga¬ 
tion  in  U.S.  District  Court. 


by  these  subjects  was  excreted  unchanged 
in  the  urine  after  96  hours.  The  plasma 

2,4,5-T  concentration  increased  rapidly  fol¬ 
lowing  ingestion  and  after  7  hours  reached  a 
peak  of  approximately  57  jig/ml,  after 
which  the  plasma  contained  65  percent  of 
the  2.4,5-T  in  the  body,  of  which  99  percent 
was  bound  reversibly  to  protein. 

Kohll  et  al.  (75)  also  studied  absorption 
and  excretion  of  2,4,5-T  in  man.  Eight  male 
volunteers,  age  25  to  35  years,  received  a 
single  oral  dose  (2.  3.  or  5  mg/kg)  analytical 
grade  2,4,5-T  with  a  purity  greater  than  99 
percent,  tlrlne  was  collected  up  to  96  hours, 
and  blood  samples  were  collected  up  to  168 
hours.  2,4,5-T  was  detected  in  some  two- 
hour  urine  samples,  indicating  rapid  excre¬ 
tion  of  the  compoimd.  More  than  half  of 
the  2,4.5-T  was  excreted  in  the  urine  in  the 
first  48  hours,  although  small  quantities 
were  still  being  excreted  at  96  hours. 

2.4,5-T  appeared  in  all  plasma  samples  1 
hour  after  2,4,5-T  ingestion,  indicating  rapid 
absorption.  Maximum  concentration  (ap¬ 
proximately  25  ftg/mi  for  the  5  mg/kg  dose) 
was  reached  between  7  and  24  hours  after 
ingestion  and  began  to  decline  at  a  first- 
order  rate  after  32  hours. 

These  investigators  concluded  that  2,4.5-T 
was  readily  absorbed  from  the  gastrointesti¬ 
nal  tract,  that  it  was  eliminated  unchanged 
in  the  urine,  and  that  the  half-life  for 
plasma  clearance  was  18.8±3.1  hours.  These 
authors  pointed  out  that,  in  general,  higher 
recoveries  were  reported  by  Gehring  et  al. 
(74)  who  used  an  electron  capture  detector, 
instead  of  the  flame-ionization  detector 
used  in  their  study. 

The  National  Human  Monitoring  Program 
for  Pesticides,  through  its  cooperative  ar¬ 
rangement  with  the  Health  and  Nutritional 
Examination  Survey  II  (Hanes  II  project),  is 
currently  analyzing  human  urine  samples 
for  sUvex,  2,4.5-T,  and  2.4.5-TCP  (64).  The 
survey  is  scheduled  for  completion  in  1979, 
but  some  extremely  tentative  results  are 
available.  No  quantifiable  2,4,5-T  residues 
have  been  detected  in  the  first  400  samples; 
however,  trace  amounts  (<10  ppb)  have 
been  found  in  a  few  samples. 

Dougherty  and  Piotrowska  (177)  reported 
on  screening  of  human  urine  for  environ¬ 
mental  contamination  with  toxic  residues 
by  negative  chemical  ionization  mass  spec¬ 
trometry.  The  procedure  is  based  on  solvent 
extraction  with  minimal  clean-up  followed 
by  examination  with  negative  chemical  ion¬ 
ization  mass  spectrometry  for  organochlor- 
ine  residues  and  related  compounds  with 
masses  greater  than  130  daltons.  Urine  for 
the  screening  procedure  was  obtained  from 
students  at  Florida  State  University  (25 
dorm  residents;  21  football  team  members; 
and  11  swimming  team  members).  The  au¬ 
thors  reported  that  the  limited  survey  of 
human  urines  indicates  contamination  of 
the  subjects  with  2.4.5-T,  pentachloro- 
phenol,  other  polychlorophenoxy  acids,  and 
numerous  unknown  compounds.  The  au¬ 
thors  Indicated  that  2,4.5-T  was  found  in  36 
percent  (9/25)  of  the  dorm  residents;  24  per¬ 
cent  (Hi)  of  the  football  team;  and  9  per¬ 
cent  (Vii)  of  the  swimming  team.  The  au¬ 
thors  attempted  to  define  the  source  of  the 
contamination  by  applying  the  same  screen¬ 
ing  procedure  to  environmental  substrates 
and  suggested  the  food  chain  (beef  fat  in 
the  case  of  2,4,5-T)  as  one  significant  source 
of  the  contamination. 

(7)  Animal  products.  Kocher  et  al.  (76) 
surveyed  beef  fat  from  cattle  grazing  on 
land  where  2.4,5-T  had  been  applied  to  de¬ 
termine  if  TCDD  was  present  in  this  tissue. 


None  of  the  2,4.5-T  samples  used  /ere  avail¬ 
able.  for  analysis  for  TCDD  contei  ..  The  au¬ 
thors  did  not  know  whether  the  samples 
were  produced  before  1972  (when  n  aximum 
allowable  TCDD  content  was  1  ppm)  or 
after  1972  (when  maximum  allowable 
TCDD  content  was  0.1  ppm).  None  of  the  16 
samples  from  Sugarland  (Tex.,  Mo.,  and 
Okla.),  showed  TCDD  residues  when  ana¬ 
lyzed  by  a  gas  chromatography-mass  spec¬ 
trometry  detection  technique  (detection 
limits:  3  to  6  ppt).  Three  of  the  eight  sam¬ 
ples  from  Mertzon,  Tex.,  where  animals  had 
grazed  for  30  days  in  a  fenced  pasture 
sprayed  in  its  entirety  with  2,4,5-T,  gave 
positive  responses  at  the  detection  limit  of  3 
to  4  ppt  TCDD. 

In  another  surveillance  study,  Mahle  et  al. 
(77)  analyzed  milk  from  cows  grazing  on 
grass  treated  with  2,4,5-T  in  accord  with 
normal  agricultural  practices.  Twenty-five 
samples  were  collected  from  different  farms 
in  Oklahoma,  Arkansas,  and  Missouri;  these 
areas  were  selected  as  representative  of 
those  where  2,4,5-T  is  used  to  control  broad- 
leaf  weeds  and  brush  in  pasture  and  range- 
land.  Milk  purchased  in  Midland,  Mich.,  an 
area  where  2,4,5-T  is  not  used,  provided  con¬ 
trol  samples.  Based  on  gas  chromatography- 
mass  spectrometry  data  (detection  limit:  1 
ppt),  the  authors  stated  that  control  sam¬ 
ples  were  indistinguishable  from  the  sam¬ 
ples  from  treated  areas  and  concluded  that 
TCDD  was  not  present. 

The  residue  levels  reported  in  animal 
products  in  the  studies  cited  below  were  ob¬ 
tained  in  laboratory  feeding  studies  and  not 
from  animals  grazing  on  pastures  and  range- 
lands  treated  at  dosage  rates  recommended 
on  registeres  product  labels.  Nevertheless, 
residues  obtained  in  these  feeding  studies 
could  occur  in  the  environment  and  at  these 
same  levels  since  animals  grazing  on  forage 
plants  immediately  after  treatment  at  rec¬ 
ommended  rates  of  application  could  ingest 

2.4.5- T  in  amounts  similar  to  those  fed  in 
the  studies. 

Leng  (37)  found  no  residues  greater  than 
0.05  ppm  in  milk  or  cream  of  cows  ingesting 
10  to  30  ppm  2.4.5-T.  At  100  ppm  2,4,5-T  in 
the  diet,  traces  of  2,4,5-TCP  (0,06  ppm)  were 
found  in  milk  and  cream.  When  the  diet 
contained  high  levels  of  2,4.5-T,  equivalent 
to  300  and  1,000  ppm  in  the  total  diet,  resi¬ 
dues  of  2,4,5-T  and  2.4.5-TCn*  ranged  from 
0.15  to  0.5  ppm  in  milk  of  individual  cows. 

Leng  (37),  reporting  on  residues  in  meat 
and  meat  byproducts,  stated  that  calves 
slaughtered  after  ingesting  300  ppm  2,4,5-T 
in  total  diet  contained  average  residues  of 
0.12  to  0.28  ppm  in  muscle,  fat.  and  liver, 
and  3.3  ppm  in  kidney.  Animals  fed  900  to 
2,000  ppm  2,4,5-T  in  the  total  diet  and 
slaughtered  without  withdrawal  had  pro¬ 
portionally  higher  average  residues  in 
tissue.  No  residues  were  detected  (detection 
limit;  0.05  ppm)  in  most  tissues  when  ani¬ 
mals  were  given  untreated  feed  for  one  week 
after  they  had  been  on  the  highest  levels 
(1,800  and  2,000  ppm)  of  2,4,5-T  for  4  weeks. 
Residues  of  2,4,5-T  declined  rapidly  in  tis¬ 
sues  as  soon  as  animals  started  to  eat  un¬ 
treated  feed. 

Clark  and  Palmer  (78)  found  0.08  ppm 

2.4.5- T  in  omental  fat  of  each  of  two  sheep 
given  four  oral  doses  of  either  0.15  or  0.75 
mg/kg  of  the  propylene  glycol  butyl  ester  of 

2.4.5- T.  They  also  found  368  ppm  2.4,5-T  in 
kldnej/s  of  animals  killed  by  4  daily  250  mg/ 
kg  doses  of  a  2,4.5-T  ester. 

(nark  et  al.  (36)  found  2,4.5-T  no  higher 
than  0.05  ppm  in  muscle  or  fat  of  sheep 
held  one  week  on  untreated  feed.  Residues 
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of  the  metabolite  2.4,5-TCP  were  not  detect- 
ed  in  the  fat  of  any  of  the  animals.  They 
also  found  that  the  2,4.5-T  level  In  liver  and 
kidneys  was  less  than  0.05  ppm  after  the 
animals  were  on  untreated  fe^  for  7  days. 

Leng  (79)  found  low  levels  of  2.4, 5-T  in 
muscle  and  fat  of  calves  receiving  300  to  000 
ppm  2,4,5-T  in  the  diet  and  much  higher  re¬ 
sidues  in  tissues  of  animals  fed  1,800  ppm 

2.4.5- T  for  28  days.  Calves  fed  300  ppm  2,4,5- 
T  showed  0.12  and  0.28  ppm  2,4,5-T  in 
muscle  and  fat,  respectively.  Calves  fed  900 
ppm  showed  0.24  and  0.38  ppm  in  muscle 
and  fat,  respectively.  And  at  1,800  ppm  in 
the  diet,  calves  showed  1.2  and  2.0  ppm  In 
muscle  and  fat,  respectively.  In  this  same 
study,  Leng  found  relatively  low  residues  of 
2,4.0-T  in  liver  at  feeding  levels  of  300  and 
900  ppm  (0.2  and  1.0  ppm,  respectively)  and 
sharply  increased  residues  (7.9  ppm)  at 
1,800  ppm,  indicating  that  the  threshold 
level  may  have  been  exceeded  at  this  higher 
dosage  level.  Residues  of  2.4,5-T  in  kidney 
appeared  to  be  proportional  to  the  level  in 
the  diet. 

Eighty-five  samples  of  beef  fat  were  ana¬ 
lyzed  for  TCDD  content  under  the  auspices 
of  the  EPA  Dioxin  Implementation  Plan 
(see  section  II).  These  b^f  fat  samples  in¬ 
cluded  18  samples  from  control  areas  and  67 
samples  from  areas  previously  treated  with 

2.4.5- T.  None  of  the  18  control  samples  had 
detectable  amounts  of  TCHDD  at  a  detection 
limit  of  10  ppt.  Of  the  67  samples  from 
areas  previou^y  exposed  to  2.4,5-T.  one 
showed  a  positive  TCDD  level  of  60  ppt;  two 
appeared  to  have  TCDD  at  20  ppt;  and  five 
may  have  had  TCDD  levels  which  ranged 
from  5  to  10  ppt.  The  values  for  these  five 
samples  were  at  or  below  the  limits  of  detec¬ 
tion  of  10  ppt.  Forty-three  beef  liver  sam¬ 
ples  were  analyzed  and  showed  no  TCDD  re¬ 
sidues  at  a  detection  limit  of  10  ppt. 

(8)  Food.  Evidence  that  very  little  2,4,5-T 
gets  into  food  is  seen  in  results  of  Market 
Basket  Surveys  conducted  by  the  Food  and 
Drug  Administration  (FDA).  Of  the  134 
total  diet  samples  involving  1,600  food  com¬ 
posites  (Market  Basket  Survey)  analyzed 
from  1964  through  April  1969,  only  three 
contained  2.4.5-T.  Two  were  dairy  products 
containing  8  to  13  percent  fat  with  0.008  and 
0.19  ppm  in  the  fat.  A  single  meat,  fish,  and 
poultiV  composite  from  Boston  consisting  of 
17  to  23  percent  fat  was  found  to  contain 
0.003  ppm  2,4.5-T  on  a  fat  basis  (81,  82.  83. 
84). 

FDA  Market  Basket  Survey  samples  from 
1969  through  July  1974  showed  no  2.4,5-T 
residues  (detection  limit:  0.02  ppm)  in  155 
total  diet  samples  involving  1,869  food  com¬ 
posites  (85.  86.  87.  88,  89). 

(9)  Human  exposure  via  industrial  acci¬ 
dents.  There  have  been  a  number  of  indus¬ 
trial  accidents  during  inanufacture  of  chlor¬ 
inated  phenols  thut  have  resulted  in  human 
exposure  to  TCDD. 

Whiteside  (90)  reported  on  a  1949  explo¬ 
sion  at  a  chemical  plant  producing  2.4,5-T  in 
Nitro,  W.  Va.  The  release  of  intermediate 
chemicals  led  to  228  cases  of  chloracne 
among  exposed  workers.  Whiteside  stated 
that  symptoms  of  affected  workers  Included 
skin  eruptions,  shortness  of  breath,  intoler¬ 
ance  to  cold,  palpable  and  tender  liver,  loss 
of  sensation  in  extremities,  damage  to  pe¬ 
ripheral  nerves,  fatigue,  nervousness,  irrita¬ 
bility.  insomnia,  loss  of  libido,  and  vertigo. 

Gtoldmann  (91)  reported  on  a  1953  acci¬ 
dent  at  a  2.4.5-TCP  production  plant  in  Ger¬ 
many.  Temperature  and  pressure  rose  ex¬ 
plosively  in  the  autoclave,  forming  previous¬ 
ly  unknown,  very  toxic  chlorinated  hydro¬ 


carbons;  42  persons  contracted  serious  cases 
of  dermatitis,  in  which  14  persons  suffered 
consequent  damage  to  internal  organs,  and 
seven  persons  experienced  disturbances  of 
the  nervous  system.  A  similar  accident  oc¬ 
curred  in  Amsterdam  in  1963  when  an  ex¬ 
plosion  in  a  2,4,5-T  factory  resulted  in  50 
workers  contracting  chloracne  (90). 

In  1954,  31  workers  in  a  Hamburg,  Ger¬ 
many.  chemical  plant  producing  2,4,5-T 
from  technical  2.4.5-TCP  contracted  chlor¬ 
acne  (10,  16,  92)  and  suffered  the  physical 
and  psychological  symptoms  associated  with 
it  (93).  Khnmig  and  Schulz  (10)  extensively 
investigated  the  workers’  conditions  and 
conducted  experiments  treating  the  skin  of 
a  rabbit’s  ear  with  chemicals  to  which  work¬ 
ers  had  been  exposed.  ’These  researchers 
tentatively  identified  the  causative  agent  of 
the  chloracne  as  TCDD.  Bauer  et  al.  (IS) 
conclusively  identified  TCDD  as  the  cause 
of  chloracne. 

In  1964  workers  in  a  2,4-D  and  2,4.5-T 
plant  in  the  United  States  developed  chlor¬ 
acne  (93,  94).  Blelberg  et  al.  (94)  found  evi¬ 
dence  of  porphyria  cutanea  tarda  (PCT)  of 
varying  degrees  of  severity  in  11  out  of  29 
workers.  PCT  had  never  before  been  de¬ 
scribed  as  related  to  chloracne,  nor  had  it 
been  ascribed  to  industrial  exposure  in  the 
United  States.  The  authors  stated  that 
either  the  finished  chemicals  or  some  inter¬ 
mediate  were  responsible  for  both  diseases. 

’The  Fine  Chemicals  Unit  of  Coalite  and 
Chemical  Products  Ltd.  located  at  Bolsover, 
Derbyshire,  in  England  had  been  producing 

2,4,5-TC7  for  nearly  3  years  without  inci¬ 
dent  when  an  explosion  occurred  at  mid¬ 
night  on  April  23,  1968.  As  a  result  of  this 
exothermal  reaction.  TCDD  had  accidental¬ 
ly  been  produced.  Workers  at  this  plant 
where  accidentally  exposed  to  TCDD,  and 
79  cases  of  chloracne  were  recorded,  many 
of  them  severe  (9.  95). 

Beginning  in  May  1971  an  accidental  poi¬ 
soning  episode  occurred  in  the  United 
States  that  affected  humans,  horses,  and 
other  animals.  The  exposure  was  related  to 
the  sprasrlng  of  waste  oil,  contaminated  with 
TCDD.  on  tiding  arenas  to  control  dust. 
’Three  days  after  spraying,  sparrows  and 
other  birds  were  found  dead  on  the  arena 
floor.  Of  85  horses  exercised  within  the 
arena,  62  became  ill,  and  48  died.  'The  first 
horse  died  on  June  20,  1971.  Horses  contin¬ 
ued  to  die  as  late  as  January  1974.  Human 
illnesses  were  less  severe,  but  did  include 
one  case  of  hemorrhagic  cystitis  in  a  6-year- 
old  girl  who  frequently  played  in  the  arensu 
Analysis  showed  the  arena  contained  31.8  to 
33.0  pg/8  TCDD  (96.  97.  162). 

Beale  et  al.  (98)  presented  follow-up  infor¬ 
mation  on  the  6-year-old  girl  involved  in 
this  accidental  poisoning.  These  authors 
stated  that  the  girl’s  symptoms  resolved  in 
three  to  four  days  and  did  not  recur.  Re¬ 
sults  of  a  repeat  voiding  cystogram  three 
months  later  appeared  normal.  Cystoscopy 
at  this  time  dl^  however,  demonstrate  nu¬ 
merous  punctate  haemorrhagic  areas  in  the 
bladder,  especially  in  the  region  of  the  tri¬ 
gone.  Five  years  later,  an  investigation 
showed  that  this  girl  had  grown  normaUy; 
resiilts  of  a  physical  examination,  includiiig 
a  detailed  neurological  examination,  were 
normal.  Cystogram  and  liver-function  tests 
were  also  normal,  as  was  the  urinary  excre¬ 
tion  of  uroporphyrins,  coproporphyilns,  and 
thyroid  function. 

On  July  10.  1976,  an  accident  at  the 
ICMESA  che^cal  plant  in  the  Seveso 
Region  of  Italy  released  2  to  10  pounds  of 
TCDD  over  a  wide  area  (90,  99,  100).  Hun¬ 


dreds  of  animals  died,  many  area  residents 
reported  skin  disorders,  and  an  area  of  110 
hectares  was  evacuated  (101).  Reports  of 
the  immediate  symptoms  and  indications  of 
many  long-term  effects  are  Just  becoming 
available. 

Seveso  inhabitants  initially  experienced 
numerous,  bumlike  skin  lesions  which 
graduaUy  receded;  Whiteside  (90)  believed 
this  type  of  lesion  was  probably  due  to 
direct  contact  with  the  sodium  hydroxide 
and  phenolic  components  of  the  faUout. 
’Two  and  a  half  months  after  the  explosion, 
however,  children  and  young  people  in  the 
zone  most  affected  by  the  fallout  developed 
symptoms  of  true  chloracne.  a  sign  of  dioxin 
poisoning,  on  their  faces,  arms,  and  bodies. 
By  November  1976,  28  people  had  developed 
confirmed  cases  of  chloracne,  and  the 
number  rose  to  38  by  December  1976;  one 
year  later,  the  number  of  confirmed  cases  of 
chloracne  was  130. 

A  number  of  Seveso  women  were  pregnant 
at  the  time  of  the  accident.  Whiteside  (90) 
reported  that  the  number  of  legal  and  il¬ 
legal  abortions  performed  after  the  accident 
probably  totalled  90.  Results  of  a  siurvey  by 
an  epidemologlcal  commission  showed  that 
183  babies  were  delivered  in  the  two  months 
following  the  accident  and  that  there  were 
51  spontaneous  abortions  as  distinct  from 
induced  abortions  (approximately  double 
the  rate  of  spontaneous  abortions  previous¬ 
ly  reported  for  the  area).  Whiteside  (90)  re¬ 
ported  that  eight  cases  of  birth  abnormali¬ 
ties  have  been  noted  to  date  among  babies 
bom  to  women  in  the  Seveso  area  who  were 
pregnant  at  the  time  of  the  explosion.  Phy¬ 
sicians  in  the  Seveso  area  have  had  difficul¬ 
ty  relating  this  directly  to  the  explosion, 
however,  since  this  incidence  of  birth  abnor¬ 
malities  was  not  disproportionate  to  the 
usual  incidence  of  abnormal  births. 

H.  Tolerances.  There  are  no  tolerances  es¬ 
tablished  for  2.4,5-T  in  or  on  food  crops. 
Likewise,  no  tolerances  have  been  set  spe¬ 
cifically  for ’TCDD  in  or  on  food  crops.  How¬ 
ever.  40  CFR  180.302  does  establish  a  toler¬ 
ance  of  0.05  ppm  for  hexachlorophene  on 
cotton  seed  (a  nonhuman  dletiu7  food 
item),  with  a  stated  limitation  that  the  tech¬ 
nical  grade  hexachlorophene  used  in  the 
formulation  shall  not  contain  more  than  0.1 
ppm  ’TCDD.  'The  limitation  does  not  consti¬ 
tute  a  tolerance  (102). 

I.  Pesticide  episode  reports  system  (PERS). 
EPA’s  Pesticide  Episode  Response  Branch 
of  the  Office  of  Pesticide  Programs  main¬ 
tains  a  Pesticide  Episode  Reports  System 
(PERS)  which  collects  reports  of  pesticide 
exposure  affecting  humans,  domestic  ani¬ 
mals,  livestock,  and  wildlife  (103).  According 
to  their  records,  there  were  96  episodes 
from  1966  to  April  1977  involving  2.4.5-T. 

Many  of  these  96  episodes  recorded  effects 
in  more  than  one  area  of  the  environment. 
Plant  damage  was  reported  60  times,  effects 
on  humans  16  times,  water  contamination 
14  times,  effects  on  domestic  animals  and 
soil  contamination  7  times  Oach,  general  en¬ 
vironmental  contaminations  3  times,  and 
fish  kills  and  complaints  against  use  of  2,4,5- 
T  twice  each. 

There  was  substantial  evidence  in  13  of 
the  96  episodes  linking  2,4,5-T  to  the  epi¬ 
sode’s  effects;  there  was  circumstantial  evi¬ 
dence  in  20  of  the  episodes  for  involvement 
of  2.4,5-’r.  there  was  insufficient  evidence  in 
62  of  the  episodes  to  prove  or  disprove  in¬ 
volvement  of  2,4.5-T;  and  one  episode  had 
no  verification  status  listed. 

Of  the  13  episodes  for  which  there  was 
substantial  evidence  linking  2.4,5-T  to  the 
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episode’s  effects,  two  involved  humans  (in¬ 
cluding  one  suicide);  2,4-D  was  also  involved 
in  both  episodes.  Three  episodes  involved 
plant  damage  from  drift  of  herbicides;  2,4,5- 
T  residues  were  found  in  plant  samples  in 
two  episodes;  2,4-D  was  also  involved  in  one 
of  these  episodes.  Two  episodes  involved 
fish  kills  resulting  from  accidental  spills 
into  streams,  with  2,4-D  involved  in  both  in¬ 
cidents;  in  one  of  these  episodes,  6,000  fish 
(90  percent  Juvenile  salmon)  were  killed;  re¬ 
sidues  of  both  2.4-D  and  2,4,5-T  were  found 
in  these  fish.  Two  incidents  involved  soil 
contamination  when  two  warehouses  were 
destroyed  by  a  tornado  and  fire;  many  other 
pesticides  were  involved  in  both  instances. 
Two  episodes  involved  domestic  animals;  In 
one,  24  cows  died  after  herbicide  applica¬ 
tion.  Arsenic  residues  were  found  in  two 
cows,  and  arsenic  contamination  of  the  her¬ 
bicide  mix  was  suspected.  In  the  other  in¬ 
stance,  8  cows  drank  water  contaminated 
with  2,4,5-’r,  residue  levels  of  0.03  and  0.02 
ppm  were  found  in  the  milk  five  and  eight 
dasrs,  respectively,  after  the  incident.  Two 
hundred  and  forty  gallons  of  milk  were 
dumped.  One  incident  involved  water  con¬ 
tamination  as  a  result  of  a  warehouse  fire; 
many  other  pesticides  were  also  involved. 

II.  Regvlatory  History 

2,4.5-T  was  developed  during  World  War 
II  and  was  first  registered  as  a  pesticide  on 
March  2,  1948  (J).  Since  then,  it  has  been 
the  subject  of  several  Federal  regulatory  ac¬ 
tions. 

On  April  13.  1966,  the  United  States  De¬ 
partment  of  Agriculture  (USDA)  and  the 
Food  and  Drug  Administration  (FDA)  pub¬ 
lished  an  announcement  in  the  Federal 
Register  abolishing  the  “No  Residue  and 
Zero  Tolerance"  concepts  as  scientifically 
untenable.  Future  registrations  would  be 
granbCd  on  the  basis  of  either  “Negligible 
Residue"  or  “Permissible  Residue."  Indus¬ 
try  was  given  until  December  31,  1967,  to 
comply  by  obtaining  tolerances  for  residues 
of  2,4,5-T  in  all  treated  food,  feed  products, 
and  byproducts  (in  addition  no  registrations 
would  be  continued  beyond  December  31, 
1970). 

Following  this  action,  a  series  of  Pesticide 
Registration  (PR)  Notices  were  issued  over 
several  years,  extending  certain  “no  resi¬ 
due”  and  “zero  tolerance"  registrations 
beyond  the  December  31,  1967,  deadline  for 
obtaining  residue  tolerance.  (’These  and  all 
following  PR  Notices  are  cited  in  Reference 
104.)  Among  uses  of  2,4,5-T  extented  beyond 
the  deadline  were  uses  on  pasture  grasses 
and  rangeland;  on  apples  (McIntosh),  blue¬ 
berries  (low  bush),  cereal  grains  (imdesig- 
nated),  rice,  and  sugarcane;  and  in  lakes  and 
ponds. 

PR  Notice  70-8  issued  by  the  USDA  on 
March  10,  1970,  identified  data  needs  for 
certain  compounds.  2,4.5-T  was  identified  as 
one  of  the  compounds  requiring  further  ter¬ 
atogenic  studies. 

PR  Notice  70-11  published  on  April  20, 
1970,  suspended  2,4.5-T  products  bearing 
certain  directions  for  use.  The  suspended 
uses  were  all  uses  in  lakes,  ponds,  or  on 
ditch  banks;  and  liquid  formulations  for  use 
around  the  home,  recreation  areas,  and 
similar  sites. 

PR  Notice  70-13  issued  by  the  USDA  on 
May  1, 1970,  cancelled  2,4.5-T  products  bear¬ 
ing  certain  directions  for  use.  The  cancelled 
uses  were  all  granular  2,4.5-T  formulations 
for  use  around  the  home,  recreational  areas, 
and  similar  sites;  and  all  2.4,5-T  uses  on  food 
crops  intended  for  human  consumption. 


All  registrants  were  advised  of  these  ac¬ 
tions.  and  two  of  the  2,4,5-T  registrants, 
Dow  Chemical  and  Hercules  Incorporated, 
exercised  their  right  under  Section  4(e)  of 
the  Federal  Insecticide,  Fungicide,  and  Ro- 
denticlde  Act  (FIFRA)  (7  U.S.C.  135  et  seq.) 
to  petition  for  referral  of  the  cancellation 
(rice  use  only)  to  an  Advisory  Committee. 

A.'!  provided  by  Section  4(c)  of  FIFRA 
(1964  amendment),  a  nine-member  Advisory 
Committee  of  scientists  was  appointed  to 
consider  all  relevant  facts,  submit  a  report 
and  recommendations  regarding  registration 
for  certain  uses  of  2,4,5-T,  and  state  the  rea¬ 
sons  or  bases  for  these  recommendations. 
Their  report  was  submitted  to  the  Adminis¬ 
trator  of  the  Environmental  Protection 
Agency  on  May  7,  1971  (48).  The  Committee 
recommended  that  use  of  2,4,5-T  be  permit¬ 
ted  in  forestry,  range  land,  and  rights-of- 
way  providing  that  the  limit  of  0.1  ppm  of 
contamination  with  TCDD  be  set  for  aU 
future  production  of  2,4.5-T;  that  2.4,5-T  be 
applied  no  more  than  once  a  year  at  any  one 
site;  and  that  2,4,5-T  be  applied  with  proper 
caution  so  that  it  will  not  contaminate  other 
areas  where  it  may  come  into  contact  with 
humans. 

The  Committee  also  recommended  that 
this  action  be  reviewed  again  when  existing 
deficiencies  in  information  about  possible 
magnification  of  Tf^DD  in  the  food  chain 
have  been  rectified  by  specific  research. 

In  the  meantime.  PR  Notice  70-22,  pub¬ 
lished  by  the  USDA  on  September  28,  1970, 
addressed  the  presence  of  chlorodioxin  con¬ 
taminants  in  economic  poisons.  ’This  notice 
stated  that  the  USDA  had  determined  that 
certain  toxic  chlorodioxins  (such  as  TCDD) 
may  be  present  as  contaminants  in  the  basic 
materials  used  in  formulating  2,4,5-T  and 
silvex.  ’The  notice  also  stated  that  the  pres¬ 
ence  of  such  chlorodioxins  constituted  a 
possible  hazard  to  man  since  they  had  been 
found  to  be  extremely  toxic  to  laboratory 
animals,  and  that  appropriate  regulatory 
action  would  be  taken  under  provisions  of 
FIFRA  since  products  containing  chloro¬ 
dioxins  are  considered  to  be  in  violation  of 
FIFRA. 

Dow  Chemical  obtained  an  injunction 
against  EPA  in  July  1972,  enjoining  further 
administrative  action  against  2,4,5-T.  The 
United  States  Court  of  Appeals  for  the 
Eighth  Circuit  overturned  the  injunction  in 
1973,  and  administrative  proceedings  were 
allowed  to  go  forward. 

On  July  20, 1973,  a  notice  of  intent  to  hold 
public  hearings  on  all  uses  of  2,4,5-T  was 
filed  with  the  EPA  Hearing  Clerk  under  sec¬ 
tion  6(bK2)  of  FIFRA,  as  amended  1972.  All 
federally  approved  uses  of  2.4,5-T  were  to  be 
explored  in  a  public  hearing  scheduled  for 
April  1974,  following  completion  of  an  in¬ 
tensive  monitoring  program  for  detecting 
dioxin  in  the  ppt  range  (38  FR  19869,  July 
29,  1973). 

On  May  10.  1974,  the  information  hearing 
was  expanded  to  include  all  insecticides  and 
herbicides  having  2.4,5-TCP  in  their  manu¬ 
facturing  process.  These  included  silvex, 
erbon,  and  ronnel,  as  well  as  2.4,5-T  and 

2,4.5-TC7,  all  of  which  may  contain  TCDD. 

On  June  24,  1974,  EPA  withdrew  cancella¬ 
tion  and  information-gathering  proceedings 
initiated  agidnst  2,4,5-T  and  related  com¬ 
pounds  because  of  its  inability  to  monitor 
food  for  inDD  residues  with  the  necessary 
analytical  precision.  Although  the  2.4,5-T 
notice  of  hearing  was  withdrawn,  the 
Agency  stated  that  it  “will  continue  its 
’TCDD  residue  monitoring  program  and  will 
take  such  further  action  as  it  deems  appro¬ 


priate  once  the  results  of  the  monitoring 
project  are  available”  (39  FR  24050  June  28, 
1974). 

On  July  25-26,  1974,  the  Agency  held  a 
Dioxin  Planning  Conference  in  Washington, 
D.C.,  primarily  for  those  parties  having  an 
interest  in  the  withdrawn  2,4,5-T/dloxln 
hearings,  to  address  data  analysis  and  re¬ 
trieval  (in  the  areas  of  analytical  method¬ 
ology,  toxicology,  and  monitoring)  with  em¬ 
phasis  on  analytical  methodology  for  TCDD 
at  the  ppt  level.  As  a  result,  the  Agency  es¬ 
tablished  a  Dioxin  Implementation  Plan 
(DIP)  intended  to  identify  a  preferable  ana¬ 
lytical  methodology  to  monitor  human  and 
environmental  samples  for  TCDD. 

On-going  TCDD  studies  imder  the  DIP  in¬ 
clude;  An  analytical  method  validation 
study  to  produce  statistically  defensible 
data;  monitoring  for  residues  in  human  milk 
in  the  Pacific  northwest;  additional  beef  fat 
residue  studies;  additional  technical  pesti¬ 
cide  residue  studies;  and  an  environmental 
monitoring  program  for  TCDD  residues  in 
soil,  water,  and  biota. 

///.  Summary  of  Scientific  Evidence 

Relating  to  Rebuttable  Presumption 

The  following  adverse  effects  of  2,4,5,-T 
and/or  TCJDD  have  been  found  to  exceed 
the  criteria  for  issuance  of  a  rebuttable  pre¬ 
sumption  as  stated  in  §  162.11  of  the  Code  of 
Federal  Regulations  (C^PTl  40).  Because  of 
industry’s  apparent  inability  to  produce 

2,4,5-T  without  TCDD  contamination,  none 
of  the  studies  cited  are  for  pure  2,4,5-T.  'The 
effects  of  ’TCDD  must  also  be  considered 
when  assessing  2,4,5-T  by  the  Agency’s  risk 
criteria. 

A.  Oncogenic  effects.  40  CFR 
162.11(aK3KiiKA)  provides  that  a  rebuttable 
presumption  shall  arise  “if  a  pesticide’s 
ingredlenUs)  *  *  *  (i)nduces  oncogenic  ef¬ 
fects  in  experimental  mammalian  species  or 
in  man  as  a  result  of  oral,  inhalation  or 
dermal  exposing  •  •  Section  162.3(bb)  de¬ 
fines  the  term  oncogenic  as  “the  property  of 
a  substance  or  a  mixture  of  substances  to 
produce  or  induce  benign  or  malignant 
tumor  formation  in  living  animals.” 

The  studies  summarized  below  indicate 
that  2,4,5-T  containing  less  than  .05  ppm 
TCDD  and/or  TCDD  alone  have  oncogenic 
effects  in  two  mouse  strains  and  one  rat 
strain.  Since  2.4.5-T.  as  currently  formulat¬ 
ed,  contains  TCDD  (at  a  maximum  amount 
of  0.099  ppm),  a  rebuttable  presumption 
against  the  re^tration  of  2,4,5-T  products 
has  arisen  because  of  the  oncogenic  effect 
of  2,4,5-T  and  its  contaminant,  TCDD. 

(1)  J.fS-T’— (a)  Effects  of  dietary  2,4.S-T 
(.<0.05  ppm  TCDD)  on  rodents.  In  their 
bioassy  of  2.4,5-T  for  carcinogenicity  in 
mice,  Muran:^-Kovacs  et  al.  (105)  admln- 
stered  2,4,5-T  (containing  <0.05  ppm 
TCDD)*  to  inbred  C3Hf  and  XVII/G  mice. 
’The  mice  were  given  100  mg/llter  of  2,4,5-T 
in  the  drinking  water  for  two  months  begin¬ 
ning  at  six  weeks  of  age.  During  the  suc¬ 
ceeding  15  to  20  months,  the  mice  were 
given  2,4,5-T  mixed  in  the  diet  at  a  concen¬ 
tration  of  80  ppm  ad  libitum. 

In  C3Hf  mice,  48  percent  of  the  treated  fe¬ 
males  (*%s)  and  55  percent  of  the  treated 
males  (>%f)  develoi^  tumors,  compared 
with  control  values  of  21  percent  (%«)  and 
49  percent  (»V4i),  respectively  (Table  2).  The 
differences  between  the  number  of  tumors 
observed  and  the  number  expected  were  slg- 


*’rhis  TCDD  level  is  less  than  the  0.1  ppm 
’TCDD  currently  found  in  most  commercial 
formulations  (see  Section  I.B). 
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nlficant  for  female  mice  at  all  sites  (p<0.03) 
and  for  the  combined  sexes  (p<0.01).''  For 
non-incidental  tumors,  the  differences  were 
significant  for  each  sex  and  the  combina¬ 
tion;  no  significant  differences  were  found 
in  incidental  tumors.'  No  other  strain-sex 
combination  yielded  statistically  significant 
values  U06).  Rare  tsrpes  of  tumors,  not  seen 
in  the  control  anlm^,  were  observed  in  the 
treated  C3Hf  females. 

A  decrease  in  siuwival  time  for  mice  with 
tumors  was  noted  in  both  male  and  female 
treated  C3Hf  mice  when  compared  with 
controls.  C3Hf  treated  male  mice  survived 
an  average  of  511  days  compared  with  630 
days  for  control  male  mice.  According  to  the 
evaluation  by  EPA’s  Carcinogen  Assessment 
Group  (CAG).  (i06),  this  difference  was  sig¬ 
nificant  (p<0.001).  Treated  female  C3Hf 
mice  survived  620  days  compared  with  680 
days  for  control  females.  Chemically  in¬ 
duced  oncogenic  effects  typically  show  long 
latency  periods.  The  finding  of  reduced  lon¬ 
gevity  among  treated  animals  as  compared 
with  controls  complicates  the  assessment  of 
the  potential  oncogenic  effects  of  2,4,5-T. 

In  XVII/G  mice,  84  percent  of  the  treated 
females  (16/19)  and  75  percent  of  the  treat¬ 
ed  males  (15/20)  developed  tumors,  com¬ 
pared  with  control  values  of  53  percent  (21/ 
40)  and  78  percent  (25/32).  respectively. 

An  Increase  in  survival  time  for  mice  with 
tumors  over  controls  was  noted  among  the 
XVII/G  treated  animals.  There  was  an  aver¬ 
age  survival  time  of  583  days  for  treated 
male  mice  compared  with  521  days  for  con¬ 
trol  male  mice.  Treated  females  survived  641 
days  compared  with  569  days  for  control  fe¬ 
males.  According  to  CAG  (i06),  the  differ¬ 
ence  was  significant  (p<0.01)  in  females. 

(b)  Effects  of  subcutaneous  injection  and 
oral  administration  of  2,4,S-T  (30  ppm 
TCDD)  on  rodents.  Innes  et  al.  (107)  studied 
the  tumorlgeniclty  of  2.4,5-T,  containing 
about  30  ppm  TCIDD,  in  two  hybrid  strains 
of  mice,  designated  as  "X”  and  “Y”.  after 
oral  or  subcutaneous  administration  of  the 
maximum  tolerated  dose  (table  3).  The  test¬ 
ing  was  performed  at  Bionetics  Research 
Laboratores,  under  contract  from  the  Na¬ 
tional  Institutes  of  Health.  Results  of  the 
studies  were  calculated  comparing  treated 
groups  with  matched  and  pooled  controls.* 

In  the  subcutaneous  study,  mice  were 
given  a  single  injection  of  21.5  mg/kg  of 


’The  investigators  found  no  significant 
sex-related  differences. 

'Incidental  tumors  are  tumors  discovered 
at  necropsy  of  an  animal  which  died  from 
some  other  cancer,  nonincidental  tumors 
are  tumors  diagnosed  during  life  or  which 
caused  the  death  of  the  animal. 

'Because  this  was  a  large  scale  screening 
study,  several  control  groups  were  used.  No 
significant  differences  were  found  among 
these  groups. 


2,4.5-T  in  a  dimethyl  sulfoxice  (DMSO)  so¬ 
lution  at  approximately  18  months  of  age. 
Seventeen  percent  (Vis)  of  the  treated  “Y” 
males  developed  pulmonary  adenotiuLs,  com¬ 
pared  with  1  percent  (V^i)  of  the  matched 
controls  and  3  percent  (Vitt)  of  the  pooled 
controls.  This  Increased  incidence  of  pul¬ 
monary  adenomas  was  significant  relative  to 
both  control  groups  (p= 0.024  matched  and 
p=0.04  pooled)  (106). 

In  the  oral  study.  21.5  mg/kg  of  2,4,5-T  in 
gelatin  was  administered  daily  by  stomach 


tube,  beginning  at  7  days  of  age.  After  wean¬ 
ing,  60  ppm  of  2,4,5-T  was  mixed  in  the  diet 
and  provided  ad  libitum  until  the  end  of  the 
study  at  approximately  18  months.  Gross 
and  histological  examinations  were  made  of 
all  major  organs  and  visible  lesions;  thyroid 
glands  were  not  examined.  According  to 
GAG’S  evaluation  (106),  there  were  no  sig¬ 
nificant  differences  between  2.4,5-T  treated 
and  control  groups  of  mice  with  respect  to 
tiunors  at  specific  sites  or  total  niimber  of 
tumor-bearing  animals. 


Ta»>l«  g- _ win  gff«eta  of  g.S.S-T  on 
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1 
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1 
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16 
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1 

1 
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i  F  1 

0  1 
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24 

20  i 

— 

1 

2 

}  2^  1 

1 

_jafl _ L 

641-^  1 
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_ Imj 

_ 

16  i 

1 

1 

L--^i 

Jl/  Data  from  Muranyi-Kovaos  ( 105) . 

b.f  Eatlaated  dally  oral  dose  «  12  mg/kg  body  weight. 

g/  Erraatlva  nuaber  of  alee  are  aloe  surviving  longer  than  300  days  or  developing  a  tumor 
before  300  days  of  age. 
g/  Pleomorphic  salivary  gland  tumor. 

g/  Fibrosarcoma;  one  hyperplastic  urinary  bladder  and  one  hyperplastic  forestcmach  not 
Included. 

X/  One  osteogenic  sarcoma;  two  sarcomas;  two  cutaneous  tumors;  one  cervical  tumor, 
g/  Forestomach  tumor. 

h/  Urinary  bladder  papilloma;  two  hy|>erplastic  lesions  of  urinary  bladder  not  Included. 

X/  Two  hemangiomas. 

g/  p  <  0.01  compared  with  controls. 

Jl/  p  <  0.001  compared  with  controls. 
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(2)  TCDD.—iM.)  Oncogenic  effects  of  low 
levels  of  TCDD  on  rodents.  Van  Miller  et  al. 
il09)  recently  reported  the  results  of  a  2- 
year  feeding  study  with  male  Sprague- 
Dawley  rats.  Ten  groups  of  ten  animals  per 
group  were  fed  ground  chow  containing  0, 1, 
5.  50,  or  500  ppt  (=10~‘*  gram  TCDD/gram 
food),  and  1,  5,  50,  500,  or  1,000  ppb  (  =  10'* 
gram  TCDD/gram  food)  TCDD. 

I^>od  Intake  (10=±4g/day)  was  signifi¬ 
cantly  lower  in  rats  ingesting  the  three 
highest  dose  levels  (50,500,  or  1,000  ppb 
'TCDD)  than  in  controls  (21  ±2  g/day).  and 
none  of  the  rats  in  these  three  groups 
gained  weight  after  the  start  of  the  experi¬ 
mental  diet.  AU  rats  receiving  these  three 
dose  levels  died  between  the  second  and 
fourth  week  of  treatment. 

On  the  other  hand,  food  intake  for  rats  on 
other  dose  levels  was  similar  to  controls 
(20±2  g/day).  Weight  gain  was  significantly 
less  for  rats  given  5  ppb  TCDD  (391  ±54  g) 
as  compared  to  controls  (531  ±44  g).  In  these 
seven  groups  only  one  animal  died  before 
the  30th  week,  and  that  death  occurred  in 
the  500-ppt  group  at  the  17th  week.  In  the 
5-  and  1-ppb  groups,  all  animals  died  by  the 
90th  week  of  the  experiment.  Table  4  shows 
the  mortality  figures  for  all  groups. 

Table  ^.—Mortality  in  rats  ingesting 
various  levels  of  TCDD 


Dose  Week  of  Number  of  rats  dead 

Ist  death  at  9Stb  week* 


0* _  68  6/10  (60%) 

1  ppf _  86  2/10  (20%) 

5  ppt* _  33  4/10  (40%) 

50  ppf _  60  4/10  (40%) 

500  ppt' _  17  5/10  (50%) 

1  ppb* _  31  10/10  (100%) 

.5  ppb* _  31  10/10  (100%) 

50lH>b> _  3  10/10(100%) 

500ppb> _  2  10/10(100%) 

1.000  ppb* _ 2  10/10  (100%) 


*  Surviving  Miimitis  sacrificed  at  95  weeks. 

*  Control  group.  Diet  contained  no  ICDD. 

‘Approximate  weekly  dose  was  0.0003  ftg/kg  body 

weight. 

*  Approximate  weekly  dose  was  0.001  (ig/kg  body 
weight. 

‘Approximate  weekly  dose  was  0.01  Mg/kg  body 
weight. 

'Approximate  weekly  dose  was  0.1  fig/kg  body 
weight. 

■Approximate  we^ly  dose  was  0.4  |ig/kg  body 
weight. 

*  Approximate  weekly  dose  was  2.0  fig/kg  body 
weight. 

■Am>roxlmate  weekly  dose  was  24  mS/Iv  body 
weight. 

'Approximate  weekly  dose  was  240  fig/kg  body 
weight. 

*  Approximate  weekly  dose  was  500  mE/^  body 
weight. 

Laparotomies  were  performed  on  all  rats 
surviving  through  the  65th  week,  and  all 
tumors  observed  were  biopsied.  Rats  were 
maintained  on  these  diets  tmtil  the  78th 
week  and  were  then  placed  on  the  control 
diet.  Surviving  animaiB  were  killed  at  95 
weeks.  Complete  necropsies  were  done  at 
death  or  sac^ice,  and  tissue  samples  were 
microscopically  examined.  Special  staining 
methods  were  used  to  “aid  in  the  diagnosis 
of  neoplasms.” 

Tumorigenlc  and  toxic  effects  were  ob¬ 
served  in  rats  in  the  six  lowest  dose  groups. 
The  overall  ln(dden(%  of  neoplasms  in  the 
six  experimental  groups  was  38  percent  (23/ 
60).  compared  with  0  percent  (0/10)  in  the 
(xintrol  group.  The  differen(%  is  statisti(»lly 
significant  (f06).  Neoplastic  nodules  and 
cholangiocarcinomas  of  the  liver  were  ob¬ 


served  in  40  percent  (4/10)  of  the  rats  in-  PPb  group  had  hepatic  carcinoma  compared 
gesting  5  ppb  TCDD;  two  An<mai»  haA  both  to  none  of  the  controls.  Hepatic  tumors 
neoplastic  nodules  of  the  liver  and  cholan-  were  not  found  in  other  dose  groups  (table 
glo(»rcinomas.  One  rat  (10  percent)  in  the  1  5). 


Table  5.  Liver  Tumors  In  Rats  Ingeatlng  TCDJ?^^ 


1 

1 

1 

1  Rats  With  i 

1  Neoplastic  ! 
L  Nodulaa  1 

Rats  With  ! 
Cholanglo-  | 
carcinomas _ ! 

Rats  With 
Nodules  plus 
Carcinomas _ 

iDose  (oDb) 

No. 

t  ! 

No. 

i  i 

No. 

< 

!  0 

0/10 

0  1 

0/10 

0  1 

0/10 

0 

1  1 

0/10 

0  ! 

1/10 

10  ; 

1/10 

10 

J _ 5 _ , 

VIQ.  ■ 

Mpyj 

2/10 

^/10 

i  _ i _ V  TU.  j _ ftu _ I 

a/  Data  from  Van  Miller  (109). 


ii/  Two  animals  had  both  neoplastic  nodules  of  the  liver 


and  cholangiocarcinomas. 


Tumors  developed  in  46  percent  (23/50)  of 
the  rats  ingesting  5,  50,  or  500  ppt  and  1  or  5 
ppb  TCDD.  compared  to  none  (0/10)  in  the 
control  rats.  Van  Miller  et  al.  noted  that 
“nineteen  (57  percent)  (sic— Agency  calcula¬ 
tion  is  54  percent  (19/35))  of  the  animals 
that  died  in  the  six  groups  fed  subacute 
levels  of  TCn^D  had  neoplastic  alterna¬ 
tions.”  Carcinomas  were  observed  in  the  ear 
duct,  kidney,  and  liver.  Three  retriperiton- 
eal  histiocsrtomas  were  described  as  metasta¬ 
sizing  to  the  “lungs,  kidney,  liver,  and  skel¬ 
etal  musculature.”  Ac(x>rdlng  to  CAO’s  eval¬ 
uation  (.106),  statistically  significant  in¬ 
creases  in  tumors  at  all  sites  were  found  in 
rats  fed  5,  500,  1,000,  and  5,000  ppt  as  com¬ 


pared  with  control  animals  (p=0.05)  (table 
6).  Three  of  the  ten  deaths  which  occurred 
in  the  5-ppb  dose  group  were  attributed  to 
aplastic  anemia.  One  animal  in  the  500-ppt 
group  had  a  severe  liver  infarction. 

Dow  Chemical  U.S.A.  (110)  has  provided 
EPA  with  a  preliminary  report  of  a  study  of 
TCDD’s  chronic  toxic  effects  in  Sprague- 
Dawley  rats.  Groups  of  50  rats  of  each  sex 
were  fed  0.1,  0.01,  or  0.001  fig  TCDD/kg 
body  weight  daily  for  2vyears.  To  provide 
these  dose  levels,  the  concentrations  or 
TCDD  in  the  diet  were  approximately  2,200, 
210,  and  22  ppt.  Eight-six  animals  of  each 
sex  were  used  as  controls. 


_ Table 

6.  Total 

Tumors  in 
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1 

1  A/ 

i  Dose 
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3  1 
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i  0 
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0/10 
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1  ! 

5 
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1 

2  1 

1 

3U 

3/10 

301  ! 
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i 

2  1 

2  i 

4/10 

40  i 
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1 

0  1 

5  1 

4/10 

40K  1 

I . 5  PPb _ 

_ 8  1 

_ 2 _ 

IQ-^ 

7/10 

7QS  1 

a/  Data  from  Van  Miller  (109). 

A/  Rats  administered  50,  500,  and  1,000  ppb  were  all 
dead  within  four  weeks. 

£./  Forty  male  rata  used  as  controls  for  another  study  that 
were  received  at  the  same  time  and  kept  under  identical 
conditions  did  not  have  neoplasms  when  killed  at  18  months. 

A/  One  rat  had  ear  duct  carcinoma  and  lymphocytic  leukemia. 

The  following  tumor  types  were  each  observed  in  one  rat: 
adenocarcinomas  (kidney),  malignant  histiocytoma  (retroperi¬ 
toneal),  angiosarcoma  (skin),  and  Leydig  cell  adenoma  (testis). 
a/  Three  rats  died  with  aplastic  anemia. 

X/  The  following  tumor  types  were  each  observed  in  one  rat; 
fibrosarcoma  (muscle),  squamous  cell  tumor  (skin),  and 
astrocytoma  (brain). 

a/  The  following  tumor  types  were  each  observed  in  one  rat: 
fibroma  (striated  muscle),  carcinoma  (skin),  sclerosing 
seminoma  (testis),  and  adenocarcinoma  (kidney). 

A/  One  rat  had  a  severe  liver  Infarction. 

X./  One  rat  had  cholangiocarclnoma  and  malignant  histio¬ 
cytomas  ( r etriperitoneal ) »  The  following  tumor  types  were 
each  observed  in  one  rat:  angiosarcoma  (skin),  glioblastoma 
(brain),  and  malignant  histiocytoma  ( retroperltioneal ) . 

JL/  One  rat  had  squamous  cell  tumor  (lung)  and  neoplastic 
nodule  (liver).  Two  rats  had  cholangiocarclnoma  and  neo¬ 
plastic  nodule  (liver).  Three  rats  had  squamous  cell  tumors 
(lung).  One  rat  had  neoplastic  nodule. 
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Dow  {llO)  reported  “discernible  Increases” 
In  the  Incidence  of  hepatocellular  carcino¬ 
mas  of  the  liver  and  of  squamous  cell  carci¬ 
nomas  of  the  lung,  hard  palate/nasal  tur¬ 
binates.  and  tongue  In  rats  at  0.1  fig/kg. 
They  also  reported  decreased  Incidences  of 
pituitary,  uterine,  mammary  gland,  pancre¬ 
atic,  and  adrenal  gland  tumors  at  this  dose 
level.  Dow  also  reported  that  this  dose  level 
produced  Increa^  mortality,  decreased 
body  weight  gain,  and  changes  In  blood 
chemistry  values  which  suggested  severe 
toxicity.  Hepatocellular  nodules  and  alveo¬ 
lar  hyperplasia  were  observed  In  the  0.01 
fig/kg  group.  A  squamous  cell  carcinoma  of 


the  hard  palate  was  observed  In  one  female 
receiving  this  dose;  Dow  considered  this  un¬ 
related  to  TCDD  treatment  becaiise  a  simi¬ 
lar  tumor  occurred  In  “other  concurrent 
studies.”  At  0.001  fi/kg  there  were  no  “dis¬ 
cernible  effects  In  male  rats  and  an  In¬ 
creased  Incidence  of  [reversible!  swollen  he- 
patocytes  In  female  rats.” 

Dow’s  preliminary  report  does  not  include 
control  data,  quantitative  data  on  tumor  in¬ 
cidence,  or  statistical  analyses.  CAO  has  not 
evaluated  this  study.  Table  7  describes  the 
available  tumor  information.  Dow  has  sub¬ 
mitted  the  final  report  for  this  study,  which 
CAO  is  currently  reviewing. 


Table  7*  Tuaors  In  Sprague-Dawley  Rats 


_ _ : - 

1  Dose _ [.  I 


lug/kff/dav  1 

DDt  1 

Tumors  1 

1  0  1 

0  1 

10.001  1 

22  1 

....  1 

10.01  1 

210  1 

Hepatocellular  Nodules  i 

1  1 

1 

Squamous  Cell  Carclnoma-^^  I 

1  1 

1 

Alveolar  Hyperplasia  i 

lo.i  1 

2,220  1 

e  / 1 

Hepatocellular  Carcinoma  ! 

J _ L 

_ L 

Souamous  Cell  Carcinoma-^^  ! 

a/  Data  froffl  Dow  Chemical  USA  (110),  a  preliminary  report. 
ii/  Hardpalate  squamous  cell  carcinoma  observed  in  only 
one  female  rat* 

Observed  only  in  females* 

ii./  Squamous  cell  carcinoma  observed  In  lungs,  hardpalate/- 
nasal  turbinate,  or  tongue* 


(b)  Effects  closely  related  to  oncogenicity 
in  test  animals.  Many  chemically  nonreac¬ 
tive  carcinogens  are  enzymatically  convert¬ 
ed  to  biologically  active  carcinogens.  The 
enzyme  aryl  hydrocarbon  hydroxylase 
(AHH)  is  strongly  implicated  In  this  process 
(112).  For  example,  the  incidence  of  bron- 
chlogenic  carcinomas  in  humans  (113)  and 
mouse  sarcomas  induced  by  3-methyl-cho- 
lanthrene  (114)  have  been  related  to  the 
level  of  Induclbllity  of  AHH  (99). 

Kouri  et  al.  (114)  studied  AHH  Induction 
in  human  lymphocyte  cultures  by  TCDD. 
The  authors  stated,  “TCDD  itself  Is  not  a 
potent  carcinogen  in  mice;  however,  the  syn¬ 
ergistic  action  of  TCDD  with  3-methylcho- 
lanthrene  (MC)  produces  cancer  In  different 
strains  of  mice  In  direct  proportion  to  the 
degree  of  elevation  of  the  induced  hydroxy¬ 
lase  activity  and  associated  cytochrome 
Pi -450  content.”  Their  study  showed  a  posi¬ 
tive  correlation  between  basal  enzyme  activ¬ 
ity  and  enzyme  levels  maximally  Inducible 
by  either  TCDD  or  MC.  They  also  found 
that  TCDD  Is  about  40  to  60  times  more 
potent  than  MC  as  an  inducer  of  hydroxy¬ 
lase  activity  In  cultured  human  lympho¬ 
cytes.  'These  authors  further  suggested  that, 
because  of  the  relatively  high  levels  of 
TCDD  in  certain  parts  of  the  world,  TCDD 
may  also  present  considerable  long-term  , 
risk  because  of  possible  synergism  in  cheml-  ' 
cally  initiated  oncogenesis,  in  addition  to  I 
short-term  risks  posed  by  its  toxic  and  tera¬ 
togenic  properties. 

The  implication  of  TCDD  in  AHH  induci- 
bility  has  also  been  reported  by  Poland  and 
Olover  (US.  116)  and  Poland  et  al.  (117).  In 
their  studies  on  chick  embryo  livers,  Poland 
and  Olover  (115)  foimd  that  all  dioxins 
which  are  potent  inducers  have  halogens  at 


three  of  the  four  lateral  ring  positions  and 
at  least  one  nonhalogenated  carbon  atom. 
Poland  and  Olover  (116)  compared  the  po¬ 
tency  of  TCDD  as  an  inducer  of  hepatic 
AHH  with  that  of  MC.  the  most  commonly 
employed  inducing  agent.  They  stated  that 
analy^  of  the  data  by  a  computer  program 
for  bloassay  showed  that  TCDD  was  28,640 
times  as  potent  as  MC  on  a  molar  basis. 
(The  95  percent  confidence  interval  of  the 
potency  ratio  is  2.07  to  3.95 VlO  The  index 
of  precision.  *,  was  0.18.  Poland  et  al.  (117) 
suggested  that  a  hepatic  cytosol  species 
which  binds  TCDD  is  the  receptor  for  the 
induction  of  hepatic  aryl  hydrocarbon  hy¬ 
droxylase. 

Allen  et  al.  (118)  conducted  a  study  in 
which  female  rhesus  monkeys  were  fed  diets 
containing  500  ppt  TCDD  for  nine  months. 
Anemia,  thrombocytopenia,  and  leukopenia 
were  the  most  debilitating  changes.  The  al¬ 
tered  lymphopoiesis  could  be  associated 
with  immune  suppresion.  The  authors  re¬ 
ported  widespread  hypertrophy,  hsrperpla- 
sia,  and  metaplasia  in  the  eplthelliun  of 
monkeys  expo^  to  TCDD,  and  related  this 
to  data  showing  increased  tumor  frequency 
in  TCDD  fed  rats. 

(3)  Preliminary  epidemiological  studies. 
Two  epidemiological  studies  lend  support  to 
a  finding  of  increased  tumorlgenicity  due  to 
2.4,5-T  exposure.  The  English  summary  of  a 
Swedish  paper  by  Hardell  (108)  stated  that 
“there  were  seven  cases  of  malignant  mesen¬ 
chymal  tumors  in  87  persons  [who  had 
been]  exposed  to  2.4,5-T  over  a  period  of  10- 
20  years.”  In  five  of  the  cases,  exposure  had 
been  direct  and  comparatively  massive.  The 
latent  period  of  10  to  20  years  is  in  agree¬ 
ment  with  that  assumed  for  chemical  car- 
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cinogenesis.  The  statistical  distribution  of  7 
of  the  87  patients  deviated  from  the  nation¬ 
al  average  with  a  dominance  of  tumors  in 
males. 

Tung  {120)  reported  an  elevated  incidence 
of  primary  liver  cancers  among  Vietnamese 
following  the  wide  application  of  “Agent 
Orange”  as  a  defoliant  during  the  years 
1961  to  1962.  “Agent  Orange”  is  composed 
of  equal  parts  2,4.5-T  and  2,4-D  (2,4- 
dichlorophenoxyacetic  acid)  and  is  contami¬ 
nated  with  TCDD.  During  1962  to  1968,  10 
percent  (791/7911)  of  all  cancers  were  liver 
cancers,  compared  with  3  percent  (159/5442) 
during  1955  to  1961.  The  latent  period  in¬ 
volved  is  shorter  than  that  normally  as¬ 
sumed  for  chemical  carcinogenesis;  the  pos¬ 
sibility  of  a  shorter  latent  period  for  some 
chemicals,  however,  cannot  be  eliminated. 
Neither  of  these  studies  is  sufficient  to  be 
the  basis  of  any  firm  conclusions  concerning 
a  causal  connection  between  2,4,5-T  and 
cancer.  But  in  view  of  the  results  obtained 
in  exi>erimental  animals,  they  warrant 
noting. 

The  Working  Group  concludes  that  there 
is  s\ifflci«it  evidence  to  indicate  that  2,4,5- 
T,  containing  TCDD  at  levels  as  low  as  0.05 
ppm,  and  TCDD  alone  can  produce  onco¬ 
genic  effects  in  mamallian  species.  Since 

2.4.5- T,  as  cxurently  formulated,  contains 
TCDD  (at  a  maximum  amount  of  0.099 
ppm),  a  rebuttable  presumption  against  reg¬ 
istration  of  2,4,5-T  products  has  arisen  be¬ 
cause  of  the  oncogenic  effects  of  2,4,5-T  and 
TCDD. 

B.  Other  chronic  or  delayed  toxic  effects. 
40  CFR  162.11(aK3Kll)(B)  provides  that  “a 
rebuttable  presumption  shall  arise  if  a  pesti¬ 
cide’s  ingredienUs)  •  •  •  (plroduces  any 
other  chronic  or  delayed  toxic  effect  in  test 
animals  at  any  dosage  up  to  a  level,  as  deter¬ 
mined  by  Uie  Administrator,  which  is  sub- 
stantiaUy  higher  than  that  to  which 
humans  can  reasonaoly  be  anticipated  to  be 
exposed,  taking  into  account  ample  margins 
of  safety."  This  section  reflects  concern 
that  chronic  exposure  to  chemicals  may 
result  in  injury  to  the  reproductive  system 
and/or  the  fetus  and  provides  that  a  rebut¬ 
table  presumption  shall  arise  if  chronic 
chemical  exposure  in  test  animals  produces 
such  results. 

The  studies  summarized  below  show  that 

2.4.5- T  containing  0.5  ppm  or  less  TCDD 
produces  teratogenic  and/or  fetotoxic  ef¬ 
fects  in  mice  at  30  mg/kg,  in  rats  at  100  mg/ 
kg,  in  hamsters  at  40  mg/kg,  and  in  birds  at 
1  mg/kg.  Other  studies  show  that  pesticide- 
free  'TCDD  is  fetotoxic  and/or  teratogenic 
at  doses  as  low  as  0.125  >>g  'TCDD/kg  in  rats 
and  0.1  fig  TCDD/kg  in  mice.  Specifically, 
these  studies  show  that  exposure  to  TCDD 
and/or  2,4,5-T  containing  TCDD  during 
pregnancy  is  associated  with  statistically 
significant  increases  in  the  incidence  of  cleft 
palate,  kidney  anomalies,  skeletal  and  intes¬ 
tinal  tract  anomalies,  and  embryonic  resorp¬ 
tion.  (Idatemal  toxicity  has  also  been  ob¬ 
served  in  many  of  these  studies,  primarily  in 
the  form  of  reduced  weight  gain  and  in¬ 
creased  llver-to-body  weight  ratio.  When¬ 
ever  it  has  wpeared  particularly  relevant, 
details  have  l^n  cited  in  the  individual 
studies.) 

The  Working  Group  has  concluded  from 
these  studies  that  2.4,5-T  containing  TCDD, 

2.4.5-T  without  detectable  dioxin,  and 
TCDD  alone  produce  fetotoxic  and  terato¬ 
genic  effects  in  mammals  The  Working 
Group  has  also  concluded  that  an  ample 
margin  of  safety  does  not  exist  for  the  pop¬ 
ulation  at  risk  (women  of  child-bearing  age) 


for  dermal  and  inhalation  exi>osure  and  for 
cumulative  oral,  dermal,  and  inhalation  ex¬ 
posure  to  both  2.4,5-T  and/or  TCDD.  For 
these  reasons,  the  Working  Group  recom¬ 
mends  issuance  of  a  rebuttable  presumption 
based  on  the  fetotoxic  and  teratogenic  ef¬ 
fects  of  2,4,5-T  and/or  TCDD. 

(1)  Pesticide-free  TCDD.  A  Bionetics  Re¬ 
search  Institute  study  on  2,4.5-T  provided 
the  first  indication  that  TCDD  adversely  af¬ 
fected  mammalian  development  {123).  In 
this  study,  detailed  with  later  confirming 
studies  in  Section  III.B.(2)  below,  2.4,5-T 
significantly  increased  the  frequency  of 
cleft  palate,  kidney  anomalies,  and  fetal 
mortality  in  the  litters  of  treated  dams.  The 

2.4,5-T  used  in  this  study  contained  approxi¬ 
mately  30  ppm  TCDD.  Subsequent  studies, 
detailed  in  this  section,  using  pesticide-free 
TCDD  have  established  that  TCDD  alone 
produces  these  effects,  and  that  the  TCDD 
contaminant  may  be  the  principal  chemical 
determinant  of  the  fetotoxic  and  terato¬ 
genic  effects  in  mammals  exposed  to  the 
pesticide  2.4.5-T. 

(a)  Studies  in  which  TCDD  produced  tera¬ 
togenic  and/or  fetotoxic  effects  in  mice. 


g/  Data  froa  Courtney  and  Moore  (128). 

In  another  study  in  which  six  dioxins 
were  administered  subcutaneously  and 
orally  to  CD-I  mice,  Courtney  {133)  found 
TCDD  to  be  the  most  fetotoxic  and  terato¬ 
genic  of  the  dioxin  compounds,  by  either 
route  of  exposure  at  aU  dose  levels  tested 
(Table  9).  On  days  7  to  16  of  gestation, 
TCDD  was  admlnl^red  orally  at  25  to  400 
^/kg  body  weight  and  subcutaneously  at  25 
to  200  fig/kg. 

Mortality  per  litter  increased  with  the 
dose  and  reached  97  percent  (oral)  and  76 
percent  (subcutaneous)  in  the  litters  admin¬ 
istered  TCDD,  as  compared  with  a  mortality 


Courtney  and  Moore  {12S)  studied  TCDD’s 
embroytoxic  and  teratogenic  effects  in 
three  mouse  strains  (Table  8).  Test  animals 
were  administered  1  or  3  ^  TCDD/kg  body 
weight  subcutaneously  in  solutions  of  100 
percent  dlmethylsulf oxide  (DMSO)  on  days 
6  to  15  of  gestation.  DMSO  was  adminis¬ 
tered  as  the  control.  TCDD  produced  cleft 
palates  in  all  three  strains.  At  3  ^g/kg.  30 
percent  {Vio)  of  the  (D-1  litters  had  fetuses 
with  cleft  palates  compared  to  0  percent  {%) 
of  the  controls:  71  percent  {Vi)  of  the 
C57BL/6  litters  had  cleft  palates  at  3  (tg/ks 
as  compared  to  0  percent  (%t)  of  the  con¬ 
trols;  and  22  percent  (%•)  of  the  DBA/2  lit¬ 
ters  had  cleft  palates,  as  compared  to  0  per¬ 
cent  (%t)  of  the  controls.  The  authors  also 
found  a  marked  increase  in  the  incidence  of 
kidney  anomalies  in  all  strains.  One  espe¬ 
cially  sensitive  strain.  C57BL/6,  developed 
kidney  anomalies  in  100  percent  {’’A)  of  the 
litters  as  compared  to  9  percent  {%*)  in  the 
controls.  Maternal  llver-to-body  weight  ratio 
was  significantly  increased  in  the  Inbred 
strains,  C57BL/6  and  DBA/2,  but  not  in  the 
randomly  bred  CD-I  mice.  TCDD  had  no 
effect  on  fetal  mortality,  fetal  weights,  or 
maternal  weights  at  the  doses  administered. 


of  6  and  14  percent  in  the  oral  and  subcuta¬ 
neous  control  groups,  respectively.  The 
most  common  anomalies  observed  were  cleft 
palates  and  malformed  kldnesrs.  All  of  the 
fetuses  in  the  200  and  400  ^g/kg  (oral)  and 
200  fig/kg  (subcutaneous)  groups  exhibited 
cleft  palates  as  compared  to  0  percent  of  the 
controls.  Of  the  fetuses  in  the  200  tig/kg 
(oral)  group,  100  percent  had  kidney  malfor¬ 
mations  as  compared  to  1  percent  of  the 
controls.  Other  anomalies  obMrved  were  hy¬ 
drocephalus.  open  eye.  and  club  foot.  Edema 
and  petechlae  were  also  observed  in  fetuses 
administered  the  high  doses. 


1 

1  1 
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1  1 
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Moore  et  al.  (.174)  al50  found  that  TCDD 
caused  fetotoxic  and  teratogenic  responses 
In  CS7BL/6  mice  at  1  ftg/kg  administered  on 
days  10  through  13  of  gestation.  Compared 
with  0  percent  incidence  (%t)  in  the  control 
litters,  94  percent  (‘Vie)  of  the  treated  lit¬ 
ters  exhibited  kidney  anomalies,  and  19  per¬ 
cent  (Via)  had  cleft  palates.  At  3  ng/kg,  the 
incidence  of  these  anomalies  was  100  per¬ 
cent  (*Via)  and  86  percent  ('%«),  respective¬ 
ly. 

Neubert  and  Dillman  (127)  tested  the  em- 
bryotoxic  and  teratogenic  effects  of  TCDD 
in  NMRI  mice  (Table  10).  In  one  test,  preg¬ 
nant  mice  were  given  varying  doses  of 


TCDD  (0.3  to  9  fig/kg)  by  intubation  on 
days  6  to  15  of  gestation.  At  9  ^g/kg,  100 
percent  (%)  of  the  viable  litters  had  resorp¬ 
tions;  67  percent  (%)  of  all  litters  had  total 
resorptions.  Oil  control  values  were  32  and  0 
percent  for  litters  with  resorptions  and  lit¬ 
ters  with  total  resorptions,  respectively. 
Cleft  palate  was  observed  in  all  of  the  litters 
and  82  percent  of  the  fetuses  at  9  fig/kg; 
comparable  oil  control  values  were  6  and  0.7 
percent,  respectively,  statistically  significant 
(p<0.01)  proportions  of  the  fetuses  evi¬ 
denced  cleft  palate  at  3,  4.5,  and  9  ^g/kg  (3, 
13,  and  82  percent,  respectively)  when  com¬ 
pared  with  the  oil  control. 


Table  10.  Eabryotoxlc  and  Teratogenic 


_ gffaeta  of  TCDD  on  NMRI  Mlce^'^ 

I  iLlttara  Af f ectad/Viable  Lltteral 

I  Doaak^l  Reaorptlona  i  Claft  Palate  I 


Kua/ka)!  tit  !  fit 


1 

t 

0 

1  23/951 

24 

6/J5 

6 

1 
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1  21/651 

32 

4/55 

6 

I 

1 

0.3 

1  7/131 

54 

0/  13 

0 

1 

3.0 

1  16/241 

67 

7/24 

29 

1 

1 

4.5 

1  5/121 

42 

6/12 

50 

1 

9.0 

1  3/3  1 

100 

3/. 3 

100 

1 

-J _ UiL.i. 

-JiQ _ 

_ ^ _ 

_ LL 

a/  Data  from  Neubert  and  Dillman  (127)* 
it/  All  doses  administered  on  days  6  to  15» 
except  second  9*0  ug/kg  dose  which  was 
administered  on  days  9  to  13» 


In  this  study,  a  single  oral  dose  of  45  fig/ 
kg  TCDD  on  day  6  produced  resorption  in 
100  percent  of  the  viable  litters;  23  fig/kg  on 
day  10  led  to  50  percent  resorptions.  Seven¬ 
ty-one  percent  of  the  viable  litters  had  em¬ 
bryos  with  cleft  palate  when  45  fig/kg  was 
given  as  a  single  dose  on  day  11.  Control 
values  were  24  percent  for  litters  with  re¬ 
sorption  and  6  percent  for  litters  with  cleft 
palates. 

Smith  et  al.  (13S)  administered  0.001,  0.01, 
0.1,  1.0,  and  3.0  fig  TCDD/kg  body  weight 
per  day  to  CF-1  mice  by  gavage  from  days  6 
through  15  of  gestation  (Table  11).  The  per¬ 


centage  of  resorptions  per  implantation  was 
significantly  higher  in  treated  mice  than  in 
the  controls  only  in  the  1.0  fig/kg  group. 
Cleft  palate  occurred  in  71  percent  of  the 
litters  treated  at  3.0  fig/kg  and  in  21  percent 
of  the  litters  treated  at  1.0  fig/kg;  bilateral 
dilated  renal  pelvises  occurred  in  28  percent 
of  the  litters  treated  at  3.0  fig/kg,  and  in  5 
percent  of  the  litters  treat^  at  1.0  fig/kg. 
No  significant  increase  in  either  cleft  palate 
or  dilated  renal  pelvis  was  observed  at  0.1, 
0.01,  or  0.001  fxg/kg.  None  (0/34)  of  the  con¬ 
trol  litters  had  cleft  palate  or  abnormal  kid¬ 
neys. 


Table  11>  Fetotoxic  and  Teratogenic  Effects  of  TCDD  In  CF-1  Mlce^^ 
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78 
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X/  Data 

from  Smith 

et  al. 

(135). 

Jl/  Statistically  different  from  controls  by  the  Fishers  exact 
probability  test  (p  <  0«05). 


Neubert  et  al.  (175)  estimated  the  ED-50 
for  cleft  palate  in  fetuses  to  be  40  figTCDD/ 
kg  per  day  (Table  12).  The  no-effect-level 
during  days  6  to  15  of  gestation  was  estimat¬ 


ed  to  be  2  fig/kg  per  day  for  NMRI  mice.  No 
pronounced  fetal  mortality  was  observed 
when  3  figTCDD/kg  body  weight  was  ad¬ 
ministered  on  days  6  to  15  of  pregnancy. 
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Table  12.  nnoAirrpmAm'  t%r  Palate  In  Offspring  of  Mice  Fed  TCDD^ 

I  i  Dose  IS  Cleft  Palates  per  {Affected  Lltters/Total  Litters! 
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1 

0/23 

1 
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_ L- 

_ 22 _ 

_ L- 

g/7 

_ ZJ _ 
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a/  Data  froa  Neubert  et  al.  (175)* 


(b)  Studies  in  uAiich  TCDD  produced  tera¬ 
togenic  and  or  fetotoxic  effects  in  rats. 
Sparschu  et  al.  (129)  administered  TCDD  to 
Sprague-Dawley  rats  by  gavace  at  0.03, 
0.125,  0.5,  2.0  and  8.0  /ig/kg  per  day  on  days 
6  through  IS  of  gestation  (Table  13).  Intesti¬ 
nal  hemorrhages  were  observed  in  14  per¬ 
cent  (18/127)  of  the  fetuses  at  0.125  fig/kg; 
36  percent  (36/99)  at  0.5  ftg/kg;  and  57  per¬ 
cent  (4/7)  at  2.0  fig/kr>  none  (0/246)  of  the 
control  fetuses  had  intestinal  hemorrhages. 
At  8.0  MS/kg  per  day.  all  fetuses  (100  per¬ 


cent)  were  resorbed  as  compared  to  20  per¬ 
cent  (63/309)  in  the  controls.  Fetal  weights 
were  depressed  at  0.125,  0.5,  and  2  fig/kg. 
This  effect  was  statistically  significant 
(p<0.05)  in  all  groups  except  females  at  0.5 
ug/kg.  No  adverse  effects  were  noted  in  the 
fetuses  whose  mothers  were  fed  0.03  fig/kg. 
The  authors  concluded  that  TCDD  induced 
a  high  level  of  maternal  and  fetal  toxicity 
and  that  0.03  m/kg  per  day  was  the  no- 
effect-level  for  fetal  and  embryotoxic  ef¬ 
fects  in  rats. 


Table  13*  Intestinal  Hemorrhages  in  Offspring 


of  Sorague-Dawlev  Rats  Fed 


i  Dose 

1 (ug/kg 

iFetuses  Affected/- 
iFetuses  Examined _ 

1  Litters 

1  Litters 

Affected/- 1 
Examined  1 

ioer  dav) 

!  #  ! 

1 

1  # 

!  i  1 

lO  (con- 
1 trol) 

I  0/246  i 

1  1 

0 

!  0/24 

1 

1  0  I 

1  ; 

i  0.03 

1  0/115  1 

0 

1  0/10 

1  0  1 

1  0,125 

1  18/127  1 

1  4 

1  7/10 

1  70  1 

I  0,5 

1  36/99  1 

36 

1  10/12 

1  83  1 

1  2.0 

1  4/7  1 

57 

1  2/4 

!  50  1 

1  8-0 _ 

1  • 

... 

!  ... 

!  1 

a/  Data  from  Sparschu  et  al«  (129)« 


Khera  and  Ruddlck  (6)  studied  the  perina¬ 
tal  effects  of  TCDD  in  Wistar  rats.  In  one 
test,  rats  were  orally  administered  0.125, 
0.25,  0.5,  and  1.0  /ig  TCDD/kg  per  day  on 
days  6  through  15  of  gestation  (Table  14). 
Visceral  lesions  were  observed  at  0.25  ^g/kg 
and  above;  slight  decreases  in  fetal  weight 
were  also  seen.  Postnatal  effects  of  prenatal 
exposure  to  TCDD  were  studied  by  allowing 
offspring  of  treated  dams  to  be  reared  by 
untreated  dams  untU  weaning.  Reduced  sur¬ 


vival.  body  weight  gain,  and  reproductive 
ability  in  the  progeny  were  observed  after 
maternal  treatment  with  0.5  and  1.0  ug/kg. 
No  fetotoxic  effects  were  observed  at  0.125 

(ig/kg. 

In  a  second  experiment,  rats  were  treated 
oraUy  with  1,  2.  4.  8.  and  16  fig  TCDD/kg 
body  weight  per  day  on  days  6  through  15 
of  gestation.  TCDD  treatment  reduced  fetal 
weight,  and  the  number  of  live  fetuses  per 
litter,  and  produced  visceral  lesions  in  50 


y' 
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percent  (%)  of  the  1.0  fig/kg  fetuses  and  43 
percent  (%)  of  the  2.0  mg/kg  fetuses,  as 
compared  to  none  (%o)  in  the  controls.  The 
Incidence  of  skeletal  anomalies  was  compa¬ 
rable  to  that  in  the  controls  at  all  dose 
levels.  Doses  of  1  fxg/kg  or  more  produced 


maternal  toxicity;  4  (ig/kg  or  more  produced 
100  percent  embryomortality.  The  authors 
concluded  that  oral  treatment  of  pregnant 
Wistar  rats  with  0.25  fig  (or  more)/kg  per 
day  on  days  6  to  15  of  gestation  adversely 
effected  rat  development. 


_ Table  1*1.  Teratoaenlc  Effects  of  TCDD  In  Wistar  Rats^ 


1  1 

1  1 

1  Dose  1 
i  (us/kfl) 1 

! 

!Avg.  Fetal 
Avg.  #  Live  1  Weight 
Fetusea/Litterl _ (grams) 

Fetuses  with 
Skeletal  Anomalies/- 
Total  #  Examined 

_ « _ 1 _ 1 _ 

! Fetuses  with  Micro-  ! 
.jscopic  Visceral  I 
! Lesions/Total  #  Examined! 
J _ i _ ! _ 1 _ L 

liMt  1  t 

! 

1 

! 

! 

1  Un-  1 

10.7 

! 

4.82 

5/107  ! 

5 

! 

0/13  ! 

0 

! 

1  treated ! 

! 

! 

! 

! 

1 control! 

1 

1 

1 

1 

! 

1  Treated ! 

11.0 

! 

4.51 

21/116  ! 

18 

! 

0/11  ! 

0 

! 

1 control! 

! 

! 

! 

1 

1 

!  0.125  ! 

10.6 

! 

4.64 

3/121  ! 

2 

! 

0/38  ! 

0 

! 

!  0.25  ! 

10.9 

! 

4.79 

6/109  ! 

6 

! 

1/33  ! 

3 

! 

!  0.5  ! 

10.5 

! 

4.46 

10/105  ! 

10 

! 

3/31  ! 

10 

1 

1 

1  1.0  ! 

9.1 

1 

4.10 

6/81  1 

7 

1 

V10  I 

30 

1 

JL 

lIaaL.2  1 

! 

! 

! 

!  Un-  ! 

11.5 

! 

4.68 

8/116  ! 

7 

! 

0/10  ! 

0 

1 

! treated! 

! 

! 

! 

! 

!  control! 

! 

! 

! 

1  Treated ! 

9.8 

! 

4.77 

9/89  ! 

10 

! 

0/10  ! 

0 

! 

! control! 

! 

! 

! 

! 

!  1.0  ! 

6.5 

! 

4.17 

7/80  ! 

9 

! 

3/6  ! 

50 

! 

1  2.0  ! 

6,0 

i 

3.31 

7/57  1 

12 

i 

3/7  ! 

43 

1 

1  4.0  ! 

— 

1 — —  ! 

! 

i 

! 

!  8.0  ! 

! 

! 

! 

1 

! 

llfi.Q _ L 

_ Q _ 

t 

.-IL_ 

1 

1 

_ L_ 

1 

gj  Data  froa  Khera  and  Ruddlck  (6);  treated  controls  given  anisole-corn  oil. 


Courtney  and  Moore  (12%)  administered 
TCDD  to  CD  rats  subcutaneously  in  solu¬ 
tions  of  100  percent  DMSO  on  days  6 
through  15  of  gestation  (Table  8).  DMSO 
was  administered  as  the  control.  Kidney 
anomalies  were  found  in  four  of  the  six  Ut¬ 
ters  (67  percent)  whose  dams  were  adminis¬ 
tered  0.5  /xg/kg  as  compared  to  0  percent  (0/ 
9)  in  the  controls.  TCDD  did  not  affect  fetal 
mortality,  fetal  weight,  or  cleft  palates  in 
the  fetuses. 

Dow  Chemical  USA  (110)  conducted  a 
three-generation  reproductive  study  on 
Sprague-Dawley  rats  continuously  fed  the 
equivalent  of  0.001,  0.01,  or  0.1  fig  TCDD/kg 
per  day.  A  preliminary  report  cites  reduced 
fertUlty  and  litter  survival  in  f»  rats  as  the 
reasons  for  discontinuing  the  0.1  fig/kg  dose 
level:  significantly  reduced  fertUity  was  also 
observed  at  0.01  fig/kg.  “Clearly  evident”  in¬ 


dications  of  toxicity  at  0.01  fig /kg  among  U 
and  Is  litters  included  smaUer  Utter  size  at 
birth,  plus  decreased  survival  and  growth  of 
neonates.  Dilated  renal  pelvis  was  observed 
in  each  of  the  three  f.  rats  at  0.1  fig/kg 
which  survived  to  adulthood.  Increased  fe- 
quency  of  this  anomaly  was  also  seen  among 
weanlings  at  lower  doses:  however  a  dose-re¬ 
lated  or  generational  correlation  could  not 
be  made.  In  siunmary,  Dow  concluded  that 
"the  reproductive  capacity  of  rats  ingesting 
TCDD  was  clearly  affected  at  dose  levels  of 
0.01  and  0.1  fig/kg  per  day,  but  not  at  0.001 
fig/kg  per  day,  through  three  successive 
generations.”  The  preliminary  report  did 
not  Include  the  numerical  data  necessary 
for  Agency  evaluation.  Analysis  wlU  contin¬ 
ue  as  these  become  avaUable. 

Adverse  reproductive  effects  due  to  TCDD 
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have  also  been  observed  in  hamsters  and 
chickens.  Gastrointestinal  hemorrhage  was 
noted  in  hamster  fetuses  after  administra¬ 
tion  of  TCDD  at  0.5  (tg/kg  per  day  on  days  6 
to  10  of  gestation  (.48;  62).  Buu  Hoi  et  al. 
(Ill)  established  that  0.02  fig/kg  TCDD 
caused  teratogenic  effects  in  chick  embryos. 
Bowes  et  al.  (137)  and  Verrett  (136)  con¬ 
firmed  these  results.  They  found  abnormali¬ 
ties  in  the  beaks,  eyes,  and  feet  of  chick  em¬ 
bryos  after  TCDD  exposure. 

(c)  Summary.  Studies  have  established 


that  TCDD  is  fetotoxic  and  teratogenic  at 
doses  as  low  as  0.125  ^g/kg  in  rats  (129)  and 
at  0.3  fig/kg  in  mice  (127)\  preliminary  data 
from  Dow  (110)  indicates  that  TCDD  may 
have  effects  at  0.01  fig/kg  in  rats.  Cleft 
palate  and  kidney  anomalies  have  been  ob¬ 
served  in  rats,  mice,  and  hamsters.  No  feto¬ 
toxic  or  teratogenic  effects  have  been  ob¬ 
served  at  doses  of  0.03  fig/kg  in  rats  (129) 
and  0.1  fig/kg  in  mice  (135).  Table  15  lists 
the  no-effect-levels  in  rats  and  mice  for  ter¬ 
atogenicity  from  TCDD. 


Table  Ho-Ef fect-Levels  for  Teratogeneala  from  TCDD 


iRoute  of  Ad- i No-Ef fect-Level 


1 

Rat 

t  Subcutaneous i 

<0.5 

iCourtney  and  Moore  (128) 

1 

1 

I  Oral  1 

0.125 

iRhera  and  Ruddick  (6) 

1 

1 

i  Oral  1 

0.03 

isparsohu  et  al.  (129) 

1 

1 

Mouse 

1  Subcutaneous  1 

<1.0 

iCourtney  and  Moore  028) 

1 

1 

1  Oral  1 

<0.3 

iNeubert  and  Dillman  (127) 

1 

L 

J _ QjCAi _ L 

Q>1 _ 

iSmlth  et  al.  (135) 

i 

(2)  2,4,5-T  (TCDD  contamination  ranging 
from  undetectable  to  30  ppm)— (a)  Terato¬ 
genic  and  fetotoxic  effects  in  rodents.  Court¬ 
ney  et  al.  (123)  developed  the  first  evidence 
that  a  2,4,5-T  pesticide  product  was  terato¬ 
genic  and  fetotoxic  (Table  16).  ”  The  2,4,5-T 
used  in  this  study  contained  approximately 
30  ppm  TCDD.  The  pesticide  was  adminis¬ 
tered  daily  either  orally  or  subcutaneously 
on  days  6  to  14  of  gestation  in  C57BL/6 
mice,  days  6  to  15  in  AKR  mice,  and  days  10 
to  15  in  Sprague-Dawley  rats.  Subcutaneous 
admlnstration  of  113  mg/kg  body  weight  re¬ 
sulted  in  significant  increases  in  the  inci¬ 
dence  of  cleft  palate  and  cystic  kidneys  ”  in 


“Results  of  this  study  were  published  by 
the  Department  of  Health,  Education,  and 
Welfare  (121)  and  by  Clegg  (122). 

“In  a  recent  report  on  studies  measuring 


the  embryos  of  both  strains  of  mice,  and 
fetal  mortality  in  the  C57BL/6  mice.  Oral 
administration  of  the  same  dose  caused  in¬ 
creased  incidence  of  cleft  palate  and  fetal 
mortality  in  both  strains  and  cystic  kidneys 
in  C57BL/6  mice.  Courtney  et  al.  also  re¬ 
ported  Increases  in  liver-to-body  weight 
ratios  in  fetal  mice. 

These  Investigators  also  found  that  4.6, 
10,  or  46.4  mg/kg  7,4,5-T  given  orally  to 
Sprague-Dawley  rats  produced  kidney 


renal  alkaline  phosphacase  in  fetal  mice, 
Highman  et  al.  (45)  attributed  the  Increased 
incidence  of  “cystic  kidneys”  in  the  offspr¬ 
ing  of  2,4,5-T  treated  animals  to  retarded 
development,  rather  than  true  teratogene- 
sls.  Reduction  in  fetal  weight  and  Increased 
incidence  of  cleft  palate  were  also  observed 
among  the  fetuses  of  treated  dams. 
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A/  Contained  approxlaataly  30  ppa  TCDD. 

A/  Data  froa  Courtnay  at  al.  (123). 

A/  Traatad  froa  day  6  through  H  of  pragnancy.  glllad  on  day  18  of  gaatatlon. 
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k/  p  .  0.05. 
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anomalies  and  other  embryotoxic  effects  at 
all  levels  (Table  17).  The  occurrence  of  he¬ 
morrhagic  gastrointestinal  tracts  in  rat  fe¬ 
tuses  was  also  reported. 

Roll  (.225)  found  embryotoxic  and  terato¬ 
genic  effects  in  NMRI  mice  after  prenatal 
exposure  to  2,4.5-T  containing  0.05  ±0.02 
ppm  dioxin  (Table  18).  2,4,5-T  at  20  to  130 
mg/kg  body  weight  was  administered  orally 
to  the  dams  on  each  of  days  6  to  15  of  gesta¬ 
tion.  At  00  or  130  mg/kg,  the  percentage  of 
resorptions  and/or  dead  fetuses  was  mar¬ 
kedly  increased  relative  to  the  controls: 
however,  maternal  toxic  effects  were  also 
observed  at  these  dose  levels.  '*  StatisticaUy 
significant,  dose-related  reductions  in  fetal 
weight  were  observed  at  20  mg/kg  and 
above. 

Cleft  palate  increased  among  fetuses  ex¬ 
posed  to  35  mg/kg  or  more  and  was  signifi¬ 
cant  when  compared  with  control  values. 
Skeletal  retardation  effects,  manifested  as 
insufficient  ossification,  were  also  observed. 
The  teratogenic  no-effect  level  in  mice  for 
this  2,4,5-T  was  considered  to  be  20  mg/kg. 
Later  studies  with  a  specially  prepared 
sample  of  2,4,5-T  with  no  detectable 
amounts  of  dioxin  (detection  limit:  <0.02 
ppm)  confirmed  these  results  in  mice  (125, 
126).  By  contrast,  daily  oral  administration 
of  25  to  150  mg/lv  of  either  the  dioxin-free 
or  commercial  grade  2,4,5-T  (<0.1  ppm 
dioxin)  did  not  produce  teratogenic  effects 
in  FW  49  rats  (236). 

Neubert  and  Dillman  (127)  also  studied 
the  effects  of  2,4,5-T  in  NMRI  mice,  using 
three  samples  containing  either  (A)  less 
than  0.02  ppm  dioxin,  (B)  0.05±0.02  ppm 


dioxin  (provided  by  Dr.  Roll),  or  (C)  an  un¬ 
known  amount  of  dioxin  (Table  19).  Their 
results  confirmed  those  obtained  by  Roll 
(125).  2,4,5-T  was  administered  to  the  dams 
orally  in  rape-seed  oil  on  each  of  days  6 
through  15  of  gestation  at  8  to  120  mg/kg 
body  weight. 

The  average  number  of  resorptions  was 
significantly  higher  than  the  oil  control  at 
60,  90,  and  120  mg/kg  of  sample  (A),  and  90 
mg/kg  of  samples  (B)  and  (C).  Total  resorp¬ 
tion  of  one  litter  was  observed  in  four  of  the 
groups  (30,  45,  60,  and  90  mg/kg)  treated 
with  sample  (A)  and  in  three  of  the  litters 
treated  with  90  mg/kg  of  sample  (B);  none 
was  seen  in  the  controls.  Fetal  weight  was 
significantly  depressed  in  all  treated  groups 
compared  with  the  oil  control. 

The  percentage  of  fetuses  with  cleft 
palate  was  significantly  higher  than  the 
control  group  in  all  2,4,5-T  groups  treated 
with  45  mg/kg  or  more.  In  the  group  treat¬ 
ed  with  120  mg/kg  2,4,5-T  containing  <0.02 
ppm  dioxin,  54%  (%t)  of  the  litters  and  11% 
('Vi4t)  of  the  fetuses  exhibited  cleft  palate 
compared  with  oil  control  values  of  6%  (%*) 
and  0.7%  (%6*),  respectively. 

These  investigators  also  tested  the  butyl 
ester  of  2,4,5-T  and  foimd  similar  effects.  In 
experiments  combining  2,4,5-T  and  TCDD, 
potentiation  of  teratogenic  effects  was  ob¬ 
served.  Sixty  mg/kg  of  2.4,5-T  (sample  A) 
combined  with  0.3  ug/kg  TCDD  Increased 
cleft  palate  frequency  among  fetuses  from  5 
to  14%.  In  this  study  no  cleft  palates  were 
observed  among  fetuses  treated  only  with 
0.3  ug/kg  TCDD. 


T>hl«  17.  TTatMMle  EYaluation  of  2. <.5- 


1 

1 

1  1  1  Per  Litter 

±  1  1 

1 

1 

1 

1 

Hast 

lAnlaal 

1 

1 

1 

1  Route  of 

1 Adalnis- 
_ Itration 

1  1  lAvg.  #  Lleet Abnoraaltf  Petuses 

I  I  1  Petuses  1 Petuses  1  with: 

III  If  iKnlar-l Cystic 

III  1  Iged  1  Kidney 

IDose  1#  Llt-j  1  IRenal  I 

Ki/lMlitara _ 1 _ 1 _ LeiixUil - 

1  1  1 

1  1  1 

1  1  1 

1  Petal  1  Abnormal  1 

iHortalityl Litters  1 

J _ S _ i _ 1 _ 1 

|Rat,a/  1  1  1 

iMontreatedI  - -  1  — -  I 

{ 

7  1 

9.9 

1  9  1 

{ 

9  1 

{ 

0  1 

{ 

11  1 

43 

1  Control 

iStcaach  tubel  g/  | 

m  1 

8.7 

1  12  1 

12  1 

<1  1 

1  1 

57 

{Treated 

{stomach  tube{  A.6^^| 

B  { 

8.2 

{  { 

18  { 

21  { 

12  { 

88 

{Treated 

{stcaach  tube,  10.0^^{ 

7  i 

7.1 

{  48*"  { 

17  1 

30^  { 

28^  { 

86 

{ Treated 

{stomach  tube{ 

6  1 

_ 2*2 _ 

i 

27  i 

.^:± 

5^.1 

—AL 

g/  Contained  approxiaately  30  ppa  TCDD. 
g/  Data  froa  Courtney  et  al.  (123)« 

g/  Treated  froa  day  10  through  15  of  pregnancy.  Killed  on  day  20  of  gestation, 
g/  Dose,  200  ul  honey  solution  (honey  to  water,  1:1)  per  rat, 

g/  2,<l,5>T  was  suspended  in  a  honey  solution  (honey  to  water,  1:1)  in  a  eoluae  of  200  ul 
per  rat. 

1/  p  «  0.01. 

g/  p  s  0.05. 

g/  The  sample  sice  was  possibly  too  saall  to  show  a  significant  difference. 


Table  16.  tobryotoxic  Effects  of  2.<I.5-T  In  MMltl  Mlce^^ 


1 

1 

1  Resorptions  and/or 1  Fetal 

1 

1 

IDose 

1 laolantatlonsl  Dead  Fetuses  iwelaht 

i _ Cleft  Pala 

te  1 

laa/ka 

ioar  Preananev! Mo. /Total  Jlo. 

i  1  :(araas)ilio.yviable^iio 

!  1  1 

1  0 

1  10.1 

1  19/332 

1  5.71  1.23 

1  6/313 

1  1.91 

1  20 

1  9.8 

1  30/344 

1  8.71  1.09 

1  6/314 

1  1.91 

1  35 

1  9.5 

1  22/246 

1  8.91  1.06 

1  1V226 

1  6.21 

1  60 

1  9.9 

1  15/208 

1  7.21  1.05 

1  19/193 

1  9.61 

1  90 

1  9.8 

1  35/293 

111.91  0.86 

1  39/258 

115.11 

mo 

_ _ 

1  191/316 _ 

160.41  0*73 

1  61/125 _ 

146*61 

g/  Data  froa  Roll  (125). 


'^Although  the  LD-50  for  female  NMRI 
mice  had  been  previously  determined  to  be 
778  mg/kg,  an  increased  maternal  mortality 


rate  was  seen  at  130  mg/kg  and  weight  gain 
was  depressed  at  doses  above  60  mg/kg 
(125). 
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Tfcbla  10-  &ibrvotoilc  Effects  of  2. <1.5-1*^ - 

I  I  I  J _ teaportlon  (BBS) - L  j  • 

I  lOioxin  I  It  LlttersK  BES/Implan-iRES/Single  {Fetal  I  Cltft  Palfttt  (Cf)  ■ 

I  IContentiDoae  {with  RES  Itatlon  Sites  {Litter  H/RES{Weight  \t  Litters{S  Fetuse- { 


ITpeataent _ 

iwone  i  - — 

{(■a/kg){ 
1-  1 

_ 1 _ 

24  i 

4 

1  iHi _ 

i  0.6 

KgraBSiii 

1  1.26^1 

6 

1 

0.6  : 

joil  control 1  — 

1  0.4  ■!( 

32  t 

4 

1  0.5 

!  ’*3°  ! 

6 

1 

0*7  i 

2.4,5-T  (A)i  <0.02 

i  8.0  1 

35  i 

3 

i  0.4 

1  1.27*^! 

<7 

1 

<1  1 

1 

il5.0  1 

38  1 

5 

1  0.5 

!  1.15**^! 

8 

1 

1  ! 

1 

I3O.O  1 

56  i 

7 

i  0.8 

1  1.09*^l 

11 

i 

1  ! 

I  ■ 

Us.o  i 

55  1 

6 

I  0.6 

1  0.98^1 

16 

1 

3^! 

1 

0 

0 

40 

63  ! 

11 

1  1.2^ 

1  I.OT^I 

20 

! 

5^i 

1 

190.0  i 

s,  1 

8 

1  1.1^ 

1  1.02^1 

35 

i 

8^ ! 

1 

i  120.0  i 

54  { 

10 

!  1.3^ 

1  0.95^1 

54 

1 

11*^ ! 

2,4,5.T  (B)i  0.05 

ho.o  i 

44  j 

6 

1  0.6 

1 

22 

1 

2  1 

1 

leo.o  1 

57  1“ 

7 

i  0.4 

1  1.11^1 

71 

1 

9^: 

1 

I90.0  i 

71  I 

8 

1  1.0^ 

I  0.99^1 

86 

23^: 

I2.4.5-T  (oiunlmoimiqQ.Q _ L. 

—U _ L 

_L3 _ 

i  1.4«^ 

i  1-0^  1 

72 

_L 

^  Data  froB  Meubert  and  Dillnan  (127);  2,4, 5-T  sample  (b)  received  fro*  Roll  (12S)« 
h/  PX0.01. 


Bage  et  al.  (.132)  injected  NMRI  mice  sub¬ 
cutaneously  with  50  and  110  mg/kg  2,4,5-T 
(<1.0  ppm  dioxin)  on  each  of  days  6 
through  14  of  gestation.  At  110  mg/kg,  2,4.5- 
T  was  teratogenic,  causing  fetal  death,  cleft 
palate,  and  other  anomalies. 

Courtney  and  Moore  (128)  studied  the  ef¬ 
fects  of  2,4,5-T  in  CD-I  random-bred  mice, 
two  strains  of  inbred  mice,  DBA/2J  and 
C57BL/6J.  and  CD  rats  (Table  20). 

2,4,5-T  containing  0.5  ppm  (technical)  or 
0.05  ppm  (analytical)  TCDD  was  adminis¬ 
tered  subcutaneously  to  mice  at  50  to  150 
mg/kg  in  DMSO  and  orally  to  rats  at  10  to 


80  mg/kg  in  sucrose  on  each  of  days  6  to  15 
of  gestation.  At  100  mg/kg  or  more,  both 
2,4.5-T  samples  produced  significant  reduc¬ 
tions,  which  appeared  to  be  dose  related,  in 
fetal  weight  in  all  strains  of  mice;  rats  were 
not  affected.  2,4,5-T  was  fetocidal  at  two 
doses,  but  the  investigators  considered  this 
effect  to  be  due  to  maternal  toxicity. 

Both  2,4,5-T  samples  produced  cleft  palate 
in  mice.  For  CD-I  dams  treated  with  100 
mg/kg  of  either  2,4,5-T  sample,  40%  of  the 
litters  and  two  fetuses  per  affected  litter 
evidenced  cleft  palate  compared  with  0%  in 
the  control  (Expt.  3).  No  cleft  palates  were 


I 


Table  20.  ^brvQtQXic  Eff«eta  of  Analytical  and  T«ehnlakl 


I  {  {  Cleft  falatc  (Cf){  Kldnev  Anoaallev  { 
II  I  {f  Fetal  {Fetel  \%  Lltteps{#  CP  per{»  Litters{#  AFfected  Fetueesi 
I  I  I  Dose  {Mortality  {Weight  {AfFected  {AFFected{ AFFected  {per  AFFected  ! 
lapy lea  1  CciBnoiind !  f  ae >'k»  1 ! per  Litter !  I araaa ) ! _ {Litter  1 _ {Litter _ I 


I  CD>1  I 
I  Mouse  i 


1  CD  Rat{ Sucrose 


!2,4,5-T  { 
{(Tech.)  { 
IZ.'I.S-T  { 
KTech.)  { 
i2,A,5-T  { 
{(Tech.)  I 


10  I 


3.* 

1.8 


I  2.AB 
I  2.110 


21.5  I  I.A 
I 

46.11  {  3.8  {  2.20  I 


2.54.  I 

I 


|2,4,5-T 

{(Tech.) 


80 


.0^1 


52.1 


2.30 


0  { 
I 

0  I 


Data  From  Courtney  and  Moore  (128). 

Investigators  thought  this  data  to  be  close  to  a 
Maternal  LD-40. 

P  <  0.05. 


0  { 
20  I 
I 

38  I 
I 

14  { 


50 


atemal  toxic  dose. 
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0 

1.0 

1.3 

2.0 

4.0 


IBxpt.  1|  DMSO  { 

—  i 

6.6 

1  1.35  1 

0 

0  1 

0  1 

0 

j 

1  12,4,5-T  1 

50  { 

6.6 

1  1.26  I 

0 

0  1 

0  1 

0 

1 

I  {(Tech.)  1 

1 

1  1 

1 

1 

1 

1  t2,4,5-T  { 

100  { 

7.5 

1  1.00  1 

33 

3.0  I 

0  { 

0 

1 

1  {(Tech.)  1 

i 

1  1 

1 

i 

i 

1  !2,4,5-T  } 

150^} 

51.7 

i  0.91  1 

100 

5.3  ! 

0  i 

0 

1 

1 

1  liZSfib.)  { 

{ 

1 

lExpt.  21  DMSO  1 

e»*«  1 

8.8 

i  1.02  { 

0 

0  I 

33  I 

1.0 

1 

• 

1  i2,4,5-T  j 

100  I 

9.6 

i  0.7^\ 

89 

4.4  1 

78  i 

1.7 

1 

1 

1  {(Analv.n 

!  { 

{ 

lExpt.  3)  DMSO  { 

8.4 

1  1.09  { 

0 

0  i 

63  i 

2.0 

I 

1  |2,4,5-T  1 

100  I 

10.7 

1  0.85‘^i 

40 

2.0  i 

80  i 

2.4 

1 

• 

1  {(Tech.)  1 

1 

1  1 

1 

1 

{ 

1  |2,4,5-T  j 

100  i 

11.6 

1  0.861^1 

40  I 

2.0  1 

100  1 

4.2 

i 

{  {(Analy.){ 

1 

1  1 

1 

1 

1  1  1 

1 

1  d/I 

1 

1 

^{ 

1  12,4,5-T  { 

125  i 

12.9 

1  0.71  1 

78 

5.4  1 

67  1 

4.3 

J - LUn*lT.){ 

! 

1  1 

{ 

! 

, 

1  OBA/2  1  DMSO  { 

—  1 

26.1 

{  0.85  1 

0  { 

0  { 

13  1 

1.0 

• 

i  Mouse  i2,4,5-T  1 

100  ! 

27.0 

1  0.67*^! 

27  i 

1.0  ! 

9  i 

1.0 

r 

1 -  {(Tech.)  1 

! 

1  ! 

{ 

{ 

I 

|C57B1/6{  DMSO  { 

1 

10.8 

1  0.99  1 

0  { 

0  '  1 

9  1 

1.0 

[ 

1  Mouse  {2,4,5-T  { 

1 

1  I 

1 

i 

1 

{ 

J - l(Tech.)  f 

100  i 

15.9 _ 

1  0.75*^! 

HO  ! 
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observed  among  the  rat  fetuses.  To  verify 
this  observation,  a  second  group  of  rats  was 
given  two  150  mg/kg  doses  of  technical 

2,4,5-T  subcutaneously  at  the  time  of  palate 
closure  (days  13  to  14).  Again,  no  cleft  pal¬ 
ates  were  observed:  however,  there  was  a 
significant  increase  in  fetal  mortality  among 
treated  animals  (14%)  when  compared  with 
the  controls  (0%). 

Fetuses  of  CD-I  mice  treated  with  analyt¬ 
ical  2,4,5-T  also  showed  Increased  incidences 
of  kidney  anomalies;  the  response  to  techni¬ 
cal  2,4,5-T  was  not  as  great.  At  100  mg/kg, 
100%  of  the  litters  and  4.2  fetuses  per  af¬ 
fected  litter  of  dams  treated  with  analytical 

2,4,5-T  displayed  kidney  anomalies,  com¬ 
pared  with  80%  and  2.4  for  technical  2,4,5-T 


and  63%  and  2.0  for  controls  (Expt.  3).  The 
effect  in  Inbred  strains  of  mice  was  compa¬ 
rable  with  control  values.  In  rats,  technical 

2,4,5-T  at  all  dose  levels  produced  higher  in¬ 
cidences  of  litters  affected  and  numbers  of 
fetuses  per  litter  affected  than  seen  in  the 
control  animals.  The  maximum  effects  on 
kidney  anomalies  in  rats  were  50%  of  the  lit¬ 
ters  and  4.0  fetuses  per  litter  at  80  mg/kg, 
compared  with  0%  in  the  control  litters. 

In  another  study  using  (n>-l  mice,  Court¬ 
ney  il34)  administered  0.45  to  1.0  mM/kg 
body  weight  per  day  of  2,4,5-T  (0.05  ppm 
dioxin)  either  orally  or  subcutaneously 
during  vuious  segments  of  the  gestation 
period  (Table  21).  Cleft  palate  was  seen  in 
all  groups  treated  with  2,4,5-T;  there  were 


no  instances  of  this  anomaly  within  the  con¬ 
trol  groups.  At  0.8  mM/kg,  48%  of  total  fe¬ 
tuses  and  37%  of  the  litters  evidenced  this 
malformation.  Statistically  significant  (p 
00.05)  increases  in  the  percentage  of  fetuses 
dead  and/or  resorbed  were  observed  at  the 
highest  doses.  All  dose  levels  had  adverse  ef¬ 
fects  on  fetal  weight.  The  author  noted  that 
by  slightly  altering  experimental  conditions, 
the  cleft  palate  effect  and  the  effects  on 
fetal  mortality  and  fetal  weight  could  be 
produced  Independently. 


“Maternal  toxicity  was  also  observed,  evi¬ 
denced  by  reductions  in  maternal  weight 
gain  and  increased  liver-to-body  weight 
ratios  (134). 


Tabla  21.  Embrvotoxlc  Effects  of  2.<I.S-T  In  CD-I  Mlce^ 


1  1 

1 

I  Fetal 

IIWMIU 

1  1  Dose 

iDays  { 

#/total  it 

% 

IS  Fetal 

{Weight 

1  Fetuses  1 

Litters! 

1  Dosed  1 

1 

I Mortality ! (arans) 

!  1 

1 

|oll:Ac^i  — 

il0-15l 

75/80  1 

94 

1  6 

1  0.95 

i  -  i 

-  1 

1  1  — 

111-131 

99/112  1 

88 

1  11 

1  0.94 

I  — 1 

- -  t 

1  1  — 

112-151 

108/126  I 

86 

1  13 

1  1.01 

1  —  1 

* -  1 

1  1  0.45 

110-151 

86/107  1 

80 

1  17 

1  0.89 

1  7  1 

6  1 

1  1  0.80 

111-131 

88/122  1 

72 

1  14 

1  0.87 

!  16  1 

14  1 

i  i  0.80 

lii-ul 

21/59  ! 

36 

i 

1  0.87 

!  48  j 

37  { 

75/82  1 

91 

1  8 

i  0.96 

i  1  ! 

1  ! 

1  DMSO®/  }  - 

}l2-15i 

152/171  1 

89 

1  12 

1  1.03 

1  -  i 

j 

J _ i  1.QQ 

! 12-151 

16  - 

i _ 72^.. 

1  fl.70 

] _ aa _ L 

_ 62 _ i. 

M/  Data  from  Courtney  (13<i). 

Ji/  Com  oil: Acetone  (9:1) — oral. 

Si/  Olaethylsulfoxide  —  subcutaneous. 

Sl/  This  concentration  exceeded  the  solubility  characteristics  of  the  vehicle. 
Doubling  the  volume  of  vehicle  resulted  In  effects  more  consistent  with  those 
found  at  lower  doses. 

A/  P  i  0.05. 

1/  p  1  0.001. 


a/  Data  from  Khera  and  McKinley  (130). 


Jl./  One  or  more  skeletal  malformation  (viable  fetuses). 


S^/  No  treated  control  given. 
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Khera  and  McKinley  (.130)  studied  the 
prenatal  and  postnatal  effects  of  2,4,5-T  in 
Wistar  rats,  using  foiu*  samples  containing 
no  TCDD  (detection  limit:  0.5  mg/kg) 
[Table  221.  Twenty-five  to  one  hundred 
fifty  mg/kg  body  weight  per  day  were  ad¬ 
ministered  to  the  dams,  orally  in  gelatin  or 
com  oil,  on  days  6  to  15  of  gestation.  At  25 
and  50  mg/kg.  the  differences  between  ex¬ 
perimental  and  control  values  were  minimal. 
However,  at  100  and  150  mg/kg,  there  were 
significant  (p  <0.05)  effects  on  fetal  weight, 
number  of  dead  fetuses,  and  percentage  of 
malformed  fetuses  per  litter.  “  The  larger 
proportion  of  malformed  fetuses  in  the 
treated  groups  resulted  from  either  an  in¬ 
creased  incidence  of  skeletal  anomalies  also 
seen  in  the  controls  or  a  low  incidence  of  ab¬ 
normalities  not  observed  in  the  controls. 
The  former  category  included  wavy  ribs,  re¬ 
tarded  ossification,  extra  ribs,  and  a  variety 
of  sternal  defects:  the  latter  included  fused 
ribs,  small-sized  distorted  scapula,  mal¬ 
formed  humerus  shaft,  and  bent  ra^us  or 
ulna.  Abnormal  kidneys  were  observed  in  7 
to  45%  of  the  examinined  fetuses  treated 
with  sample  T-1,  compcu«d  with  a  control 
value  of  20  to  35%. 

In  the  postnasal  portion  of  the  study, 
after  normal  delivery,  survival  rate,  sex 
ratio,  and  pup  weight  on  days  1  and  21  were 
compared.  Although  treated  pups  surviving 
from  day  2  to  21  were  slightly  smaller  at 


‘^Statistical  significance  was  determined 
using  the  average  value  per  dose  level.  Data 
from  T-4  were  not  used  in  this  analysis. 


some  dose  levels,  there  were  no  significant 
differences  from  controls  for  any  variable. 
In  some  experiments,  litters  were  standard¬ 
ized  at  8  pups  on  day  2,  and  the  remaining 
littermates  examined  for  defects.  The  in¬ 
creased  incidences  of  malformations  among 
treated  groups  were  comparable  to  those 
found  in  the  prenatal  study.  Assuming  the 
same  incidence  for  pups  not  examined,  the 
investigators  concluded  that  there  were  no 
real  differences  in  survival  rates  among  con¬ 
trol  and  treated  groups.  The  butyl  ester  of 
2,4,5-T  produced  similar  toxic  effects. 

Sokolik  (131)  orally  administered  100  and 
400  mg/kg  and  50  and  200  mg/kg  of  2.4,5-T 
and  its  butyl  ester  to  rats  of  the  Rappolovo 
line  on  each  of  days  1  to  14  or  1  to  16  of 
pregnancy.  At  100  mg/kg,  2,4,5-T  produced 
embryos  with  a  combination  of  deformities 
including  absence  of  lower  Jaw,  abnormal 
hind  limbs,  and  exophthalmos.  At  400  mg/ 
kg,  the  embryos  of  treated  rats  evidenced 
cleft  palate,  hydrocephalus,  hydronephro¬ 
sis,  and  abnormalities  of  the  upper  limbs 
which  included  tridactyly,  webbed  toes,  and 
abnormal  shortness. 

The  butyl  ester  of  2,4,5-T  was  more  toxic 
than  the  parent  compound,  causing  more 
than  30  percent  embryonic  mortality  at  200 
mg/kg.  The  lower  dose,  50  mg/kg,  also 
caused  high  mortality  among  the  embryos. 
Cleft  palate,  hydronephrosis,  hydrocepha¬ 
lus,  and  extensive  gastrointestinal  hemor¬ 
rhages  were  also  observed  within  the  treat¬ 
ed  groups.  From  these  results,  the  author 
concluded  that  2,4,5-T  and  its  derivatives 
have  a  high  potential  for  teratogenic  activ¬ 
ity. 


Collins  and  Williams  (124)  tested  seven 
samples  of  2,4,5-T  from  different  sources  for 
embryotoxic  effects  in  golden  Syrian  ham¬ 
sters  (Mesocricetus  auratus)  [Table  23].  The 
dioxin  contents  ranged  from  not  detectable 
(detection  limit  <0.1  ppm)  to  45  ppm.  Daily 
oral  doses  of  20  to  100  mg/kg  body  weight 
were  administered  in  acetone:com 
I  oil:carboxymethyl  cellulose  (1:5.8:10)  on 
days  6  to  10  of  gestation.  2.4,5-T  with  no  de¬ 
tectable  dioxin  significantly  (p  <0.05)  re¬ 
duced  fetal  weight  and  fetal  viability  per 
litter  at  all  levels  tested. 

Total  fetal  mortality  was  greatly  in¬ 
creased  at  all  levels  when  compared  with 
controls  and  was  dose-dependent,  as  was  the 
effect  on  fetal  viability.  The  increased  inci¬ 
dence  of  gastrointestinal  hemorrhage  also 
appeared  to  be  dose  related.  At  100  mg/kg, 
"pure”  2.4,5-T  caused  increased  incidences 
of  malformations  and  reductions  in  the 
number  of  live  fetiises  per  litter.  One  “pure” 
sample,  F,  at  100  mg/kg  significantly  re¬ 
duced  fetal  weight  from  1.8  to  1.6  grams,  re¬ 
duced  fetal  viability  from  96.7  to  71.4  per¬ 
cent.  and  Increased  abnormalities  from  3.5 
to  40  percent.  The  anomalies  associated 
with  2,4,5-T  containing  no  dioxin  were  exen- 
cephaly,  eye  abnormalities,  delayed  head  os¬ 
sification,  and  hind  limb  deformities. 

Increasing  the  level  of  dioxin  contamina¬ 
tion  increased  fetal  mortality  and  the  inci¬ 
dence  of  abnormalities  per  litter;  fetal  via¬ 
bility  was  reduced.  A  clear  correlation  was 
found  between  the  level  of  dioxin  and  ab¬ 
normalities  per  litter.  Although  the  inci¬ 
dence  of  hemorrhages  also  increased,  no  re¬ 
lationship  between  it  and  dioxin  level  could 
be  founcL  Bulging  eyes  (absence  of  eyelid) 
and  delayed  ossification  were  the  most 
common  anomalies  seen  among  fetuses  ex¬ 
posed  to  dioxin-contaminated  2,4,5-T;  exen- 
cephaly,  edema,  cleft  palate,  ectopic  heart, 
and  fused  ribs  were  also  observed. 

Emerson  et  al.  (141)  found  no  adverse  ef¬ 
fects  of  commercial  2,4,5-T,  containing  0.5 
ppm  TCDD,  on  fetal  development  in  Spra- 
gue-Dawley  derived  rats  and  New  Zealand 
white  rabbits.  Daily  oral  doses  of  2.4.5-T  in 
gelatin  were  administered  to  the  rats  at  1  to 
24  mg/kg  on  days  6  to  15  of  gestation;  to  the 
rabbits  at  10  to  40  mg/kg  on  days  6  to  18  of 
gestation.  The  Investigators  found  no  ma¬ 
ternal  or  embryonic  toxic  effects  in  either 
species,  nor  was  2,4,5-T  considered  terato¬ 
genic  under  the  conditions  of  these  experi¬ 
ments.  The  most  frequently  observed  abnor¬ 
malities  were  accessory  ribs,  hydronephro¬ 
sis,  and  retardation  in  the  development  of 
the  stemebrae.  With  the  exception  of  par¬ 
tially  ossified  stemebrae  in  both  species  and 
bilateral  accessory  ribs  in  the  rabbit,  the  in¬ 
cidence  of  these  anomalies  was  greater  in 
the  control  animals  than  in  the  examined 
treated  groups. 

Sparschu  et  aL  (140)  orally  administered 
2.4.5-T,  containing  0.5  ppm  TCDD,  to  rats  in 
daily  doses  of  50  and  100  mg/kg  on  days  6  to 
15  and  6  to  10  of  gestation,  respectively.  Re¬ 
sults  are  given  in  Table  24.  At  SO  mg/kg, 
there  were  no  significant  maternal  or  em- 
bryomc  toxic  effects  attributable  to  2.4,5-T 
except  for  an  increased  incidence  of  delayed 
skull  ossification,  and  a  single  fetus  with  in- 
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a/  Data  from  Collins  and  Hilllaas  (124). 

b/  Apparently  nonaal  weights  for  saaples  A  and  B  attributed  to  edema. 
S/  Hot  detected. 

H/  p  <  0.05. 
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Table  24.  Effects  of  2.4>S-T  on  Fetal  PevloDDient  of . Ra^-3^^ 

!  1  Dnsp  (tBir/]eir  nf»r  dav)  ! 
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A./  Data  from  Sparschu  et  al 

ii/  All  viable  fetuses  from 

i/  p  <  0.05 

testlnal  hemorrhage.  At  100  mg/kg,  2,4.5-T 
was  toxic  to  both  dams  and  fetuses.  “ 

Resorptions  were  observed  in  all  litters:  75 
percent  were  totally  resorbed.  Fetal  weight 
was  significantly  (p  <  0.001)  reduced  in 
both  sexes  and  the  sex  ratio  was  shifted  in 
favor  of  females.  Abnormalities  observed 
which  had  significantly  (p  <  0.05)  higher  in¬ 
cidences  than  in  the  controls  were  poorly  os¬ 
sified  and  malallgned  sternebrae  and  de¬ 
layed  skull  ossification.  The  investigators 
concluded  that  the  delayed  ossification  ob¬ 
served  in  this  study  was  a  reversible  mani¬ 
festation.  rather  than  a  true  teratogenic 
effect. 

(b)  Adverse  Reproductive  Effects  in  Other 
Mammalian  Test  Systems.  Adverse  repro¬ 
ductive  effects  of  2,4,5-T  exposure  have 
been  observed  in  other  mammalian  test  sys¬ 
tems.  Lloyd  et  al.  (.173)  reported  on  in  vivo 
enzymatic  studies  showing  reduced  uptake 
and  metabolism  of  testosterone  by  the  pros¬ 
tate  gland  in  male  mice  treated  oraUy  with 
doses  of  2,4,5-T  (6.25,  12.5,  or  25  mg/kg,  ten 
times  daily). 

Yefimenko  (151)  reported  on  the  effects 
of  acute  and  chronic  exposure  to  the  butyl 
ester  of  2,4,5-T  on  gonadal  and  somatic 
tissue  in  an  in  vivo  cytogenetic  study  in 


“The  high  rate  of  maternal  mortality 
caused  dosing  to  be  stopped  on  day  10.  in¬ 
stead  of  day  IS.  Significant  reductions  in 
weight  gain  were  also  observed. 
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male  albino  rats.  Chronic  effects  on  the 
gonads  were  observed  after  exposure  to  0.1 
ug/kg  for  two  and  one  half  months.  Adverse 
effects  (seen  at  seven  months,  when  the  ex¬ 
periment  was  terminated),  which  were  con¬ 
sidered  persistent  effects,  included  testicu¬ 
lar  atrophy,  decreased  sperm  coimt,  desqua¬ 
mated  tubules,  and  aberrant  cells  in  the  ger¬ 
minal  epithelium.  Chromosomal  aberrations 
were  also  observed  during  the  chronic  phase 
of  the  experiment.  EPA  evaluation  of  this 
study  found  inadequacies  in  the  methodolo¬ 
gy  which  would  prevent  the  drawing  of  firm 
conclusions  from  this  data  (106). 

Recent  studies  in  rats  by  SJoden  and  So- 
derberg  [cited  in  (25))  appear  to  show  that 
prenatal  exposure  to  2,4.5-T  leads  to  behav¬ 
ioral  abnormalities  and  changes  in  thyroid 
activity  and  brain  seritonin  levels  in  the 
progeny.  Single  oral  doses  of  100  mg/kg 
were  administered  to  the  dams  on  days  7,  8, 
or  9  of  pregnancy. 

(c)  Adverse  Effects  in  Avian  Species.  Em- 
bryotoxic  effects  in  avian  species  due  to 
2,4,5-T  exposure  have  been  reported.  Ver- 
rett  (136)  studied  the  effects  of  2.4,5-T.  con¬ 
taining  either  27  or  0.5  ppm  TCDD,  on 
chicken  eggs.  The  2,4,5-T  was  injected 
through  the  air  cell  of  the  eggs,  either 
preincubation  or  on  the  fourth  day  of  incu¬ 
bation.  The  sample  containing  27  ppm 
TCDD  was  foimd  to  be  more  lethal  (LD- 
50=25  ug/egg)  than  the  less  contaminated 
sample  (LiD-50=100  ug/egg).  Both  samples 
produced  teratogenic  effects,  including 


chick  edema,  eye  defects,  beak  defects  (pri¬ 
marily  cleft  palate),  and  short,  twisted  feet 
resulting  from  tendon  slippage.  Teratogenic 
effects  were  observed  at  doses  as  low  as  1 
ppm  (50  ug/egg)  with  the  sample  containing 
0.5  ppm  TCDD  and  as  low  as  0.125  ppm 
(6.25  ug/egg)  with  the  sample  containing  27 
ppm  TCDD. 

Lutz  and  Lutz-Ostertag  (138)  studied  the 
action  of  2.4,5-T.  in  aqueous  solution  at  a 
concentration  of  2  to  10  g/llter.  on  the  em¬ 
bryonic  development  of  quail  (Cotumix  co- 
tumix  japonica),  chicken  (GaUus  gallus), 
pheasant  (Phasianus  colchicus),  and  two 
partridge  species  (Alectoris  rufa  and  Perdrix 
perdrix).  liie  2,4,5-T  was  administered  by 
dipping,  spraying,  and  organo-typic  cul¬ 
tures.  Abnormal  genital  tracts  were  ob¬ 
served  in  all  species,  indicating  abnormal 
sexual  differentiation.  Further,  morphologi¬ 
cal  changes  in  the  testes  often  gave  the  ap¬ 
pearance  of  true  testicular  atrophy.  In  an¬ 
other  study,  2,4,5-T  sdfected  fertility  in 
birds  of  both  sexes  (139). 

(d)  Studies  in  Avian  Species  in  Which  Ad¬ 
verse  Effects  Were  Not  Observed.  Using  2,4,5- 
T  contaminated  with  less  than  0.1  ppm 
dioxin.  Strange  and  Kerr  (142)  foimd  no  ab¬ 
normal  development  in  chicken  embryos. 
Doses  of  12.5,  25,  50,  75,  100,  and  125  mg/kg 
were  injected  into  eggs  on  days  0  and  5  of 
incubation;  observations  were  made  48 
hours  later.  At  this  developmental  stage, 
kidneys  were  not  sufficiently  developed  to 
detect  the  tubule  lesions  reported  by  Bjork- 
lund  and  Erne  (143). 

(e)  Summary.  Studies  have  established 
that  2,4,5-T  is  fetotoxic  and  teratogenic  at 
doses  as  low  as  35mg/kg  (0.05  ±  0.02  ppm 
TCDD)  in  mice  (125);  4.6  mg/kg  (approxia- 
mately  30  ppm  TCDD)  in  rats  (123)',  and  20 
mg/kg  (0.5  ppm  TCDD)  in  hamsters  (124). 
Cleft  palate  and  kidney  anomalies  have 
been  observed  in  mice,  rats,  and  hamsters. 
No  fetotoxic  or  teratogenic  effects  (no¬ 
effect  levels)  have  been  observed  at  doses  of 
20  mg/kg  (0.05  ±  0.02  ppm  TCDD)  in  mice 
(125)  and  25  to  150  mg/kg  (0.05  ±  0.02  ppm 
TCDD)  in  rats  (125). 

(3)  Exposure  Analysis.  In  order  to  deter¬ 
mine  whether  a  rebuttable  presumption 
should  be  Issued  based  on  reproductive  and 
fetotoxic  effects.  pursuant  to 
§  162.11(aK3Kii)(B).  the  Working  Group 
must  determine  whether  or  not  an  ample 
margin  of  safety  exists  between  the  levels  of 
2,4,5-T  and/or  TCHDD  which  produce  repro¬ 
ductive  and  fetotoxic  effects,  and  the 
level(s)  to  which  humans  can  reasonably  be 
anticipated  to  be  exposed. 

The  cancellation  of  uses  of  2,4,5-T  on  food 
crops  intended  for  human  consumption  and 
for  use  around  the  home,  recreation  sites, 
aquatic  areas,  and  ditch  banks  in  1970  was 
thought  to  have  eliminated  the  potential 
exposure  to  that  portion  of  the  population 
at  risk  (women  of  child  bearing  age). 

Social  changes  over  the  last  few  years, 
however,  have  given  women  the  opportunity 
for  employment  in  areas  that  once  were 
considered  open  only  to  men.  Since  women 
of  child-bearing  age  are  now  employed  in  oc¬ 
cupations  such  as  pesticide  applicators,  op¬ 
erators  of  highway  construction  and  main¬ 
tenance  equipment,  foresters,  and  chemical 
formulators,  they  have  become  part  of  the 
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population  at  risk  with  potential  exposiire 
to  2.4.5-T  and/or  TCDD. 

In  order  to  determine  whether  an  ample 
margin  of  safety  exists,  the  Working  Oroup 
must  first  determine  how  much  2,4.5-T  a 
woman  could  be  exposed  to  through  oral, 
dermal,  or  inhalation  exposure.  For  each  of 
these  ana^is,  the  Working  Oroup  assumes 
a  woman  to  weigh  60  kg.  The  following  cal- 
ctilations  are  based  on  an  exposure  analyses 
for  2.4.5-T  and  TCDD  performed  by  EPA’s 
Criteria  and  E^raluation  Division  [CEDI 
1164). 

(a)  Oral  Exposure.  For  purposes  of  this 
analysis,  the  Working  Oroup  considered 
currently  registered  uses  where  the  posslbU- 


ity  of  oral  exposure  to  2,4,5-T  and/or  TCDD 
existed.  Treatment  of  range  and  pasture 
land  could  result  in  oral  exposure  through 
ingestion  of  meat  and  milk  from  animals 
grazing  on  the  treated  area.  Since  actual 
data  on  residues  of  2,4.5-T  in  animals  graz¬ 
ing  on  treated  rangeland  is  unavailable,  for 
purposes  of  the  2.4,5-T  oral  exposure  analy¬ 
sis,  the  WoiUng  Oroup  used  residue  infor¬ 
mation  obtained  in  a  feeding  study  (.37)  in 
which  cattle  were  fed  considerably  higher 
amounts  of  2,4,5-T  than  they  would  normal¬ 
ly  be  exposed  to  in  grazing  on  treated  land. 
The  following  calculations  are  based  on  the 
average  quantities  of  food  eaten  per  day  (1.5 
kg),  as  reported  by  Lehman  (144, 165). 


effects  has  not  been  met  or  exceeded,  a  re¬ 
buttable  presumption  does  not  arise. 

(b)  Dermal  Exposure.  In  order  to  conduct 
these  analyses,  the  Working  Group  must  de¬ 
termine  the  amount  of  2,4,5-T  and/or 
TCDD  which  would  come  in  contact  with 
the  skin  and  the  amount  that  would  be  ab¬ 
sorbed. 

(1)  Spray  Applicator:  Back-pack  Sprayer. 
For  purposes  of  this  analysis,  the  Working 
Oroup  assumes  the  applicator  to  be  a  60-kg 
woman  of  child-bearing  age,  and  the  site  of 
application  either  a  right-of-way  or  spot 
treatment  of  pasture  or  rangeland.  The 
equipment  is  a  back-pack  sprayer  (166).  The 
following  calculations  of  exposure  are  based 


1  No-adverse-effect 

20  mg/kg 

20  mg/kg  1 

1  level  for  terato- 
igenlolty  in  mice 

{Average  level  of 

0.1  &3 
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1 

0.2  ppm^^  1 

i2,4,5-T  identified 

1 

j 

i 

\%  of  food  item  in 

19. 6J 

M.6%  1 

1  total  human  diet 

1 

1  Average  amount  of 

1.5  kg 

1 

1 

1.5  kg  1 

jfood  eaten  per  day 

1 

{Exposure  to  2,4,5-T 

0.0005 

1 

1 

0.0002  1 

a/  Animals  were  fed  at  300  ppm  2,4,5-T  in  thg  diet  for  2  to 
3  weeks.  This  is  a  worst  case  assumption  for  cows  grazing 
on  freshly-treated  pasture  without  a  withdrawal  period;  all 
milk  and  meat  was  obtained  from  such  cows.  Meat  (beef) 
includes  muscle,  fat,  and  liver  tissues  which  constitute  the 
major  portion  of  edible  meat. 


To  find  the  average  daily  intake  of  a  constitute  an  ample  margin  of  safety.  Since 

single  food  item,  multiply  the  average  daily  this  risk  criterion  for  other  chronic  adverse 


on  dilution  for  spraying  of  three  pints  of 
formulated  product  per  32  pints  of  water. 
Typical  2,4,5-T  formulations,  based  on  in- 
sp^lon  of  a  large  number  of  registered 
labels  (164),  range  from  4  to  6  pounds  active 
ingredient  (acid  equivalent)  per  gallon.  The 
product  used  in  this  exposure  analysis  has 
an  assumed  concentration  of  4  pounds  2,4.5- 
T  per  gallon.  Label  recommendations  vary 
from  a  recommended  dilution  of  0.094  to  4 
pounds  acid  equivalent  per  32  pints  of 
water.  A  dilution  rate  of  1.6  poimds  per  32 
pints  has  been  selected  as  representative  of 
a  typically-used  spray  mixture. 

Wolfe  et  al.  (166)  studied  dermal  exposure 
to  fenthion  during  hand  back-pack  spraying 
for  mosquitoes  for  ten  situations.  Exposure 
ranged  from  0.1  to  6.3  mg/hr,  with  a  mean 
value  of  3.6  mg/hr  (6  ml/hr).  Method  of  ap¬ 
plication  was  a  hand  pressure  sprayer,  using 
a  0.06  percent  spray.  Workers  wore  short- 
sleeved.  open-necked  shirts  with  no  gloves 
or  hat.  Based  on  Wolfe’s  data,  CED  (164) 
calculated  a  dermal  exposure  of  approxi¬ 
mately  0.177  pints  per  day.  CTED  (164)  also 
determined  that  approximately  10  percent 
of  the  2.4,5-T  and  TCDD  coming  in  contact 
with  the  skin  of  the  applicators  would  be 
absorbed  even  after  washing,  based  on  ab¬ 
sorption  studies  with  other  pesticides  (145, 
146, 163). 


food  intake  by  the  percent  of  that  item  in 
the  total  diet:  For  milk.  1.5  kg  x  19.6% =0.294 
kg;  and  for  meat  (beef).  1.5  kgx4.6%=0.069 
kg. 

The  quantity  of  2.4.5-T  in  the  average 
daUy  diet  equals  the  average  daily  intake  of 
each  food  item  multiplied  by  the  level  of 
2,4,5-T  in  the  food  item:  For  milk,  0.294 
kgxO.103  ppm=0.03  mg;  and  for  meat 
(beef).  0.069  kgxO.2  ppm=0.014  mg. 

The  theoretical  exposure  of  an  average 
woman  equals  the  amoimt  of  2.4.5-T  in  the 
daily  diet  divided  by  the  weight  of  the  aver¬ 
age  woman:  For  milk.  0.03  mg/60  kg=0.0005 
mg/kg;  and  for  meat  (beef),  0.014  mg/60 
kg=0.0002  mg/kg;  total  exposure  from  milk 
and  beef  products  could  be  0.0007  mg/kg 
per  day. 

Existing  data  on  TCDD  residues  in  ani¬ 
mals  grazing  on  treated  rangeland  are  too 
meager  to  use  for  an  analysis  of  ICDD  ex¬ 
posure  to  humans  through  ingestion  of 
meat  or  milk  from  animals  so  exposed. 

The  Woi^lng  Oroup  considers  that  the 
difference  between  the  no-adverse-effect 
level  of  2.4,5-T  for  teratogenic  effects  (20 
mg/kg)  and  the  calculated  oral  exposure 
level  for  2,4,5-T  (0.0007  mg/kg  per  day)  does 
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The  following  calculations  (see  Table  27 
for  mathematics)  will  give  the  daily  dermal 
exposure  for  both  2,4, 5-T  and  TCDD:  (1) 
Convert  the  dilution  rate  to  grams;  (2)  mul¬ 
tiply  this  figure  by  1,000  (for  2,4,5-T)  to  con¬ 
vert  to  milligrams  and  by  1,000,000  (for 
TCDD)  to  convert  to  micrograms:  (3)  multi¬ 
ply  this  fig\ire  by  the  daily  dermal  dose  of 
diluted  material;  (4)  multiply  this  figure  by 
the  percent  absorbed;  and  (5)  divide  this 
figure  by  the  weight  of  the  applicator  for 
the  dally  exposure  to  2,4,5-T  or  TCDD  per 
8-hour  working  day. 

The  Working  Group  considers  that  the 
difference  between  the  no-adverse-effect 
level  of  2,4,5-T  for  teratogenic  effects  (20 
mg/kg)  and  this  calculated  dermal  exposure 
level  for  2,4,5-T  (6.8  mg/kg).  as  well  as  the 
difference  between  the  no-adverse-effect 
level  of  TCDD  for  teratogenic  effects  (0.03 
ftg/kg)  and  this  calculated  exposure  level 
for  TCDD  (0.0007  fxg/kg),  do  not  constitute 
an  ample  margin  of  safety.  The  Working 
Group  therefore  recommends  issuance  of  a 
rebuttable  presumption  against  pesticide 
products  containing  2,4.5-T  and/or  TCHDD 
pursuant  to  40  CFR  Section 
162.11(a)(3)(ii)(B). 

(ii)  Spray  Applicator:  Tractor-mounted, 
Low-boom  Spray  Equipment  For  the  pur¬ 
pose  of  this  analysis,  the  Working  Group  as¬ 
sumes  the  applicator  to  be  a  60-kg  female  of 
childbearing  age  clearing  brush  on  either 
rangeland  or  rights-of-way.  The  same  prod¬ 
uct  cited  above  (2,4,5-T  at  4  pounds/gal)  is 
being  used,  and  the  dilution  rate  is  1.6 
pounds  of  formulation  to  32  pints  of  water 
(equal  to  4  pounds  of  2,4,5-T  per  10  gallons 
of  water).  Based  on  exposure  studies  using 
similar  equipment  but  a  different  herbicide 
(147).  the  Working  Group  determined  that, 
during  an  eight-hour  working  day,  the  ap¬ 
plicator  would  get  0.048  pints  of  diluted  ma¬ 
terial  on  her  skin.  The  Working  Group  de¬ 
termined  that  10  percent  of  the  pesticide  on 
the  skin  would  be  absorbed  (145, 146,  163). 

The  following  calculations  (see  Table  29 
for  mathematics)  wlU  give  the  daily  dermal 
exposure  for  both  2,4.5-T  and  TCDD:  (1) 
Convert  the  dilution  rate  to  grams;  (2)  mul¬ 
tiply  this  figure  by  1,000  (for  2,4,5-T)  to  con¬ 
vert  to  milligrams  and  by  1,000,000  (for 
TCDD)  to  convert  to  micrograms;  (3)  multi¬ 
ply  this  figure  by  the  daily  dermal  dose  of 
diluted  material;  (4)  multiply  this  figure  by 
the  percent  absorbed;  and  (5)  divide  this 
figure  by  the  weight  of  the  applicator  for 
the  daily  exposure  to  2,4,5-T  or  TCDD  per 
8^hour  working  day. 


1 

2. 4. 5-T 

TCDD  1 

ID 

1*6  pounds/32  pt  X  454  g/- 

ID 

0*00000016  pounds/-  ! 

1 

pound  s  22*70  g/pt; 

1 

32  pt  X  454  g/pound  s  j 

1 

1 

0*00000227  g/pt;  i 

12) 

22*70  g/pt  X  1,000  mg/g  = 

12) 

0*00000227  g/pt  X  1 

1 

22,700  mg/pt; 

1 

1,000,000  ug/g  =  i 

1 

1 

2*27  ug/pt;  1 

13) 

22,700  mg/pt  X  0*18  pt  = 

13) 

2*27  ug/pt  X  0.18  pt  =  1 

1 

4,086  mg; 

1 

0*41  ug;  i 

14) 

4,086  mg  X  10}  =  408*6  mg 

14) 

0*41  ug  X  10}  =  1 

1 

1 

0*041  ug;  i 

15) 

408.6  mg  /  60  kg  = 

15) 

0*041  ug  /  60  kg  =  1 

1 

X.  ■■■ 

6*8  mg/kg  per  dav _ 

1 

--i  - 

Q*flQP7  ug/ltK.  Bsr.  dax _ L 

Tabla  28.  Depmal  Exposura  Data  (Tractor  Mounted  EoulDinentl 


1 

iUsu  Dilution  rate 

1 

1 

1 

1 

1 

1 

2. 4. 5- T 

3  pints 
(1.6  pounds 

2.4.5- T)  per 

32  pints 
water 

TCDD  1 
3  pints  1 
(0*00000016  { 
pounds  TCDD)  1 
per  32  pints  1 
water  1 

1 

{Amount  of  diluted 
{material  gotten 
{on  skin  dally 

! 

0*048  pint 

0.048  pint  { 

1 

{}  Diluted  material 
{ absorbed 

! 

10} 

10}  1 

1 

1  Exposure  level 

1 

109  og 

0.0109  ug  1 

1 

iDose  level 

j 

1*8  mg/kg 

0.00018  ug/kgl 

i 

{ No- Adverse-Effect 
{level  for  terato- 
Igenlc  effects _ 

20  mg/kg 

0.03  ug/kg  1 

{ 

_ Table  29 _ 

1 

1 

2. 4. 5-T 

{ 

TCDD  1 

ID 

1.6  pounds/32  pt  X  454  g/- 

ID 

0*00000016  pounds/-  { 

{ 

pound  =  22.70  g/pt; 

1 

1 

32  pt  X  454  g/pound  =  1 

{ 

1 

1 

0*00000227  g/pt;  i 

12) 

22.70  g/pt  X  1  ,000  mg/g  = 

12) 

0.00000227  g/pt  X  1 

22,700  mg/pt; 

{ 

1,000,000  ug/g  =  1 

{ 

1 

1 

2.27  ug/pt;  1 

13) 

22,700  mg/pt  X  0.048  pt  = 

13) 

2.27  ug/pt  X  0.048  pt  =| 

{ 

1,089.6  mg; 

1 

1 

0.109  ug;  { 

14) 

1,089.6  mg  X  10}  = 

14) 

0.109  ug  X  10}  =  1 

{ 

108.96  mg; 

1 

0.011  ug;  { 

15) 

108.96  mg  /  60  kg  = 

15) 

0.011  ug  /  60  kg  =  1 

J _ 

ag/k£  Bsr. dax _ 

1 

« - 

0.00018  ug/kg  per  dav _ L 
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The  Working  Group  considers  that  the 
difference  between  the  no-adverse-effect 
level  of  2,4,5-T  for  teratogenic  effects  (20 
mg/kg)  and  this  calculated  dermal  exposure 
level  for  2,4,5-T  (1.8  mg/kg),  as  well  as  the 
difference  between  the  no-adverse-effect 
level  of  TCnJO  for  teratogenic  effects 
(0.03^/kg)  and  this  calculated  exposure 
level  for  'TCDD  (0.00018  fig/kg),  do  not  con¬ 


stitute  an  ample  margin  of  safety.  The 
Working  Group  therefore  recommends  issu¬ 
ance  of  a  rebuttable  presumption  against 
pesticide  products  containing  2,4,5-T  and/or 
TCDD  pursuant  to  40  CFR 
162.11(aK3KilKB). 

(ill)  Aerial  Application:  Exposed  Popula¬ 
tion  Directly  Beneath  Spray  Plane.  Caplan 
et  al.  U67),  working  with  aerially  applied 


malathion  in  oil  sprays  applied  at  0.46 
pounds  per  0.76  gallons  water/acre,  deter¬ 
mined  a  dermal  exposure  to  persons  directly 
beneath  the  spray  plane  for  bare  skin  (head, 
neck,  shoulders,  forearms,  hands,  and 
thighs)  of  3.556  mg/day.  With  these  data, 
an  equivalent  dermal  exposure  for  2,4,5-T 
and  TCDD,  aerially  applied  at  4  pounds  acid 
equivalent  2,4,5-T  per  10  gallons  water/acre, 
can  be  determined. 


iDermal  exposure  to 

3.556  mg/0.46 

pounds  malathion 

{aerially  applied 

per  acre 

1 malathion 

1 

1 

1 

TCDD 

{Use  Dilution  rate 

4  pounds 

0.0000004 

j 

2,4,5-T  per 

pounds  TCDD 

1 

1 

10  gallons  of 

per  10  gal- 

1 

1 

water/acre 

Ions  of  water 

1 

per  acre 

1 

I)  Diluted  material 

10J 

10J 

i  absorbed 
• 

1 

{Exposure  level 

3.1  mg 

0.0003  Ug 

i 

{ 

{Dose  level 

0.051  mg/kg 

5  X  10 

{ 

! 

ug/kg 

{ No-Adverse-Ef feet 

20  mg/kg 

0.03  ug/kg 

{level  for  terato- 

iaenic  effects _ 

-L 

The  following  calculations  (see  Table  31 
for  mathematics)  will  give  the  daily  dermal 
exposure  for  both  2,4,5-T  and  TCDD:  (1) 
Divide  the  dermal  exposure  to  malathion  by 


the  malathion  application  rate  and  multiply 
by  the  application  rate  of  2,4,5-T  and  TCDD 
to  obtain  the  dermal  exposure;  for  'TCDD. 
multiply  this  figure  by  1,000  to  convert  to 


micrograms;  (2)  multiply  this  figure  by  the 
percent  absorbed;  and  (3)  divide  this  figiu-e 
by  the  weight  of  the  applicator  for  the  daily 
exposure  to  2,4,5-T  or  TCDD  per  8-hour 
working  day. 


Table 


{ 

- 

1 

1 

TCDD 

{1) 

3.556  mg/0.46 

pounds  X 

{  1) 

3.556  mg/0.46  pounds  X 

I 

4  pounds  =  31 

mg; 

{ 

0.0000004  pounds  = 

{ 

{ 

0.000003  mg  X  1,000  = 

1 

{ 

{ 

0.003  ug; 

{ 

12) 

31  mg  X  10}  s 

3.1  mg; 

{2) 

0,003  ug  X  lOj  = 

{ 

1 

1 

1 

1 

0.0003  ug; 

{3) 

3.1  mg/  60  kg 

= 

{3) 

0.0003  ug  /  60  kg  = 

1 

A 

0.051  mg/kg  per  day 

1 

1 

1  .  . 

5  X  10*^  ua/ka  per  day_ 

1 

1 

The  Working  Group  considers  that  the 
difference  between  the  no-adverse-effect 
level  of  TCDD  for  teratogenic  effects  (0.03 
fig/kg)  and  this  calculated  dermal  exposure 
level  for  TCDD  (5  x  10"*  fig/kg)  does  consti¬ 
tute  an  ample  margin  of  safety.  The  Work¬ 
ing  Group  also  considers,  however,  that  the 
difference  between  the  no-adverse-effect 
level  of  2,4,5-T  for  teratogenic  effects  (20 
mg/kg)  and  this  calculated  dermal  exposure 
level  for  2,4,5-T  (0.051  mg/kg)  does  not  con¬ 


stitute  an  ample  margin  of  safety.  The 
Working  Group  therefore  recommends  issu¬ 
ance  of  a  rebuttable  presumption  against 
pesticide  products  containing  2,4,5-T  pursu¬ 
ant  to  40  CTR  162.11(a)(3)(iiKB). 

(c)  Inhalation  Exposure:  Aerial  Applica¬ 
tion.  There  are  no  studies  available  on  inha¬ 
lation  exposure  of  2,4,5-T.  There  are.  howev¬ 
er,  several  studies  on  inhalation  exposure  to 
malathion  (167,  168)  which  CED  used  as  a 


model  for  this  2.4,5-T  exposure  analysis 
(.164).  Caplan  et  al.  (f67)  determined  an  air 
concentration,  for  unprotected  persons  di¬ 
rectly  beneath  the  spray  plane  during  appli¬ 
cation  and  for  two  hours  afterward,  of  0.067 
mg  malathion/m*  from  aerial  application  of 
0.46  pounds  Al/gallon  per  acre.  The  collec¬ 
tion  period  spanned  the  course  of  the  actual 
application  time  plus  two  hours  thereafter. 
ITie  authors  considered  the  sampling  tech¬ 
nique  to  be  equivalent  to  average  insprira- 
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tion  through  the  nostrils.  This  inhalation 
exposure  (amount  available  for  Inhalation) 
was  12  percent  of  the  applied  malathlon. 
Caplan  et  al.  further  reported  that  the  aver¬ 
age  median  diameter  (« volume  median  di¬ 
ameter.  or  vmd  '*)  was  109  microns.  Based  on 
work  by  Akesson  and  Yates  116S).  CED  U64) 
estimated  that  the  size  of  the  malathlon 
droplets  which  could  be  inhaled  was  under 
60  microns.  Since  2,4,S-T  is  t}rpically  applied 


as  a  medium  or  coarse  spray,  while  malath- 
ion  is  applied  as  a  fine  spray,  the  percent  of 
2.4,5-T  droplets  small  enough  to  be  inhaled 
(under  60  microns)  would  be  less  than  the 
percent  of  malathlon  droplets  small  enough 
to  be  inhaled.  According  to  Akesson  and 
Tates  U68).  2  percent  of  2.4.5-T  spray  dro¬ 
plets  would  be  available  for  inhalation  (or  % 
the  amount  of  malathlon  droplets  available 
for  inhalation),  on  a  “worst  case”  basis. 


‘*The  vmd  is  that  droplet  size  which  di¬ 
vides  the  total  volume  of  drops  in  half,  l.e., 
50  percent  of  the  volume  is  in  drops  above 
the  vmd  size  and  50  percent  below  it. 


The  following  calculations  (see  Table  33 
for  mathematics)  will  give  the  daily  inhala¬ 
tion  exposure  for  both  2,4,5-T  and  T(n)D: 
(1)  Multiply  the  air  concentration  of  ma- 


I 

I 

I 

I 


Table  ^2.  Inhalation  Exposure  Data  (Aerial  Application) 

3  I 

Kir  concentration  of  .  0.067  mg/m  with  application  I 

aerially  applied  rate  of  0.46  pounds  malathlon  I 

malathlon  -  . ..per  gallon  per  acre  ! 

I 


1 

iUse  Dilution  rate 

1 

1 

1  . 

1 

1 

U.S-T 

4  pounds 

2,4,5-T  per 

10  gallons  of 
water/acre 

TCDD 

0.0000004 
pounds  TCDD 
per  10  gal¬ 
lons  of  water 
per  acre 

• 

iLung  Absorption 

1  Rate 

1 

100} 

100} 

isreathlng  Rate 

1 

1.8  m^/hr 

1.8  m^/hr 

t 

{Exposure  level 

1 

1 

0.34  mg 
per  2  hr 

0.000032 
ug  per  2  hr 

1 

ioose  level  “ 

1 

1 

’ 0.023  mg/kg 
per  8  hr 

2  X  10"^ug/kg 
per  8  hr 

1 

i  No-Adverse-Effect 

20  mg/kg 

0.03  ug/kg 

llevel  for  terato-  I 

taenic  effects  _ 1. 


laliHi 


1 

2,>U5-I 

TCDD  1 

ID 

0.067  fflg/cu  m  per  0.46 

!  1) 

0.067  mg/cu  m  per  0.46  I 

1 

pounds  X  4  pounds  s  0.58 

pounds  X  0.0000004  1 

1 

mg/cu  m  X  1/6  s  0.097 

pounds  s  0.000000058  1 

1 

1 

mg/cu  m; 

mg/cu  m  X  1/6  s  1 

0.000000009  mg/cu  m  X  I 

1 

1  1 

,000  s  0.000009  ug/cu  m;  I 

12) 

0.097  mg/cu  m  X  1.8  cu  m/- 

12) 

0.000009  ug/cu  m  X  1 

1 

1 

hr  s  0.17  mg/hr; 

1.8  cu  m/hr  s  i 

0.000016  ug/hr;  1 

13) 

0.17  mg/hr  X  8  =  1.36  mg; 

13) 

0.000016  ug/hr  X  1 

8  s  0.000128  ug;  1 

14) 

1.36  mg  /  60  kg  s 

14) 

0.000128  /  60  kg  =  1 

1 

0.026  mg/kg  exposure 

par  day _ 

J_ 

-6  1 
2  X  10 _ ug/kA  Dsr.  dai-i 

lathion  by  the  amount  of  2.4.5-T  and  'TCDD 
applied,  then  multiply  this  figure  by  for 
the  inhalation  exposuire  to  2,4.5-T  and 
TCDD;  for  T^DD,  multiply  this  figure  by 
1,000  to  convert  to  micrograms;  (2)  multiply 
this  figiu-e  by  the  breathing  rate;  (3)  multi¬ 
ply  this  figure  by  eight  [81  to  get  the  8-hour 
exposure  total;  and  (4)  divide  this  figure  by 
the  weight  of  the  applicator  for  the  inhala¬ 
tion  exposure  to  2,4.5  T  or  TCDD  per  8- 
hours  exposure. 

The  Working  Group  considers  that  the 
difference  between  the  no-adverse-effect 
level  of  TCDD  for  teratogenic  effects  (0.03 
fig/kg)  and  this  calculated  dermal  exposure 
level  for  TCHDD  (2  X  10  fig/kg)  does  con¬ 
stitute  an  ample  margin  of  safety.  The 
Working  Group  also  considers,  however, 
that  the  difference  between  the  no-adverse- 
effect  level  of  2,4.5-T  for  teratogenic  effects 
(20  mg/kg)  and  this  calculated  dermal  expo¬ 
sure  level  for  2,4,5-T  (0.026  mg/kg '^)  does 
not  constitute  an  ample  margin  of  safety. 
The  Working  Group  therefore  recommends 
issuance  of  a  rebuttable  presumption 
against  pesticide  products  containing  2.4.5-T 
pursuant  to  40  CFR  162.11(a)(3KUKB). 

(d)  Cumulative  Exposure.  The  Working 
Group  has  also  considered  the  possibility  of 
a  single  individual  being  expo^  through 
two  or  more  of  the  above  routes.  The  results 
(derived  from  Tables  27,  29.  and  31)  are 
shown  in  Table  34.  The  Working  Group  also 
notes  that  possible  cumulative  exposure  to 
several  dioxin-containing  pesticides  could 
increase  the  total  body  burden  and  increase 
total  risk  from  dioxin  exposure. 

The  Working  Group  considers  that  the 
differences  between  the  no-adverse-effect 
level  of  TCDD  for  teratogenic  effects  (0.03 
fig/kg)  and  the  calculated  cumulative  expo¬ 
sure  levels  for  TC!DD  in  Situations  2  and  3 
(see  Table  34)  do  constitute  an  ample 
margin  of  safety.  The  Working  Group  also 
considers,  however,  that  the  differences  be¬ 
tween  the  no-adverse-effect  levels  of  2,4.5-T 
and  TCIDD  for  teratogenic  effects  (20  mg/kg 
and  0.03  fig/kg,  respectively)  and  the  calcu¬ 
lated  cumulative  exposure  levels  for  2,4.5,-T 
in  Situations  1,  2.  and  3  and  TCDD  in  Situa¬ 
tion  1  (see  Table  34)  do  not  constitute  an 
ample  margin  of  safety.  The  Working 
Group  therefore  recommends  issuance  of  a 
rebuttable  presumption  against  pesticide 
products  containing  2,4,5-T  pursuant  to  40 
CFR  162.11(aK3)(iiKB). 


‘Johnson  (63)  (see  Section  I.G.(3)).  in  a 
review  article,  calculated  a  daily  inhalation 
exposure  to  phenoxy  herbicides  of  0.025  fig/ 
kg  for  a  70-kg  adult.  The  calculations  were 
based  on  actual  air  monitoring  data  of  air 
samples  collected  in  two  wheat-growing 
areas  in  the  state  of  Washingon  during 
spring  and  summer  and  analyzed  for  phen¬ 
oxy  herbicides.  The  author  did  not  specify 
how  soon  after  application  the  samples  were 
taken. 
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1  Situation  2.4, 

.5-1 

!  Situation  #1 :  TCDD 

1 

1  Oral- 

0.0007  mg/kg 

{Oral- 

1 

1  Dermal- 

6.8  mg/kg 

iDermal-  0.0007  ug/kg 

1 

iinhal.- 

0.2  mg/kg^^ 

iinhal.'-  negligible^'^ 

i 

iCum.  s 

1 

7.0  mg/kg 

iCum.  s  0.0007  ug/kg 

1 

1 

1 

t 

1  Situation  #2  i _ 2.4. 

.5-T 

1  Situation  #2:  TCDD 

1 

1 

1  Oral- 

0.0007  mg/kg 

{Oral-  ----- 

1 

1 

I  Dermal- 

1.8  fflg/kg 

iDermal-  0.00018  ug/kg 

1 

1 

iinhql.- 

0 . 0  5^^ 

iinhal.-  negligible^'' 

i 

iCum.  = 

1.85  mg/kg 

ICum.  =  0.00018  ug/kg 

1 

1 

1 

j 

1 

1  Situation  #^:  TCDD 

1 

1 

J  Oral- 

0.0007  mg/kg 

{Oral- 

1 

1  Dermal- 

0.051  mg/kg 

iDermal-  5  X  10“®  ug/kg 

j 

iinhal.- 

0.026  mg/kg 

iinhal.-  2  X  10”®  ug/kg 

1 

icum.  = 

0.0777  mg/kg 

ICum.  =  7  X  1Q~®  ug/kg _ 

1 

A/  Calculations  were  made  on  a  worst-case  basis  as  3% 
of  dermal  exposure  based  on  Wolfe  (179)  who  states,  "over 
97S  of  the  pesticide  to  which  the  body  is  subjected  during 
most  exposure  situations,  and  especially  to  applicators  of 
liquid  sprays,  is  deposited  on  the  skin."  TCDD  Inhalation 

exposure  values  were  negligible:  Situation  #1,  21  X  10~^ 

ug/kg;  Situation  #2,  54  Z  10*^  ug/kg. 


IV.  STUDIES  RELATING  TO  POSSIBLE  ADVERSE 
EFTBCTS 

This  sectfon  addresses  other  types  of  ad¬ 
verse  effects  of  2,  4,  5-T  for  which  the 
Working  Group  has  determined  that  insuf¬ 
ficient  evidence  exists  to  initiate  a  rebutta¬ 
ble  presumption.  The  Agency  solicits  com¬ 
ments  from  registrants  and  other  interested 
parties  on  the  evidence  listed  below,  and  re¬ 
quests  submission  of  any  additional  studies 
or  relevant  information  on  2.  4,  5-T  and/or 
TCDD  relative  to  these  potential  adverse  ef¬ 
fects. 

A.  Mutagenicity.  Section 

162.11(AK3KilKA)  provides  that  a  rebutta¬ 
ble  presumption  shall  arise  if  a  pesticide’s 
ingredienUs).  metabollte(s).  or  degradation 
producUs)  induce  mutagenic  effects,  as  de¬ 
termined  by  multitest  evidence. 

Cl)  2,  4,  5-T— in)  Positive  Study.  Majumdar 
and  Oolia  il78)  fed  male  Drosophila  melan- 
ogaster  either  250  or  1,000  ppm  dioxin  free 
2.  4,  5-T  (obtained  from  Eastman  Kodak) 


for  15  days.  They  were  then  mated  to  sets  of 
virgin  females  to  generate  three  4-day 
broods  of  offspring.  F,  flies  were  allowed  to 
mate,  and  F,  flies  were  scored  for  X-llnked 
recessive  lethals.  No  differences  among 
broods  were  noted,  and  data  from  all  broods 
were  pooled.  The  percent  lethals  in  controls, 
250  and  1,000  ppm  groups  were  dose-related 
and  were  0.05,  0.026,  and  0.66  percent,  re¬ 
spectively.  The  control  vs.  1,000  ppm  lethal 
rates  were  significantly  different  from  one 
another  (p  <  0.01).  Ethyl  methane  sulfon¬ 
ate  (250  ppm)  was  included  as  a  positive  con¬ 
trol;  it  yielded  13.70  percent  lethals.  The 
total  number  of  flies  in  each  experimental 
group  was  no  larger  than  2,000. 

(b)  Negative  Studies.  The  mutagenicity  of 
2.  4,  5-T  was  evaluated  by  Ercegovich  et  al. 
C148),  emplo3ring  the  procedure  of  Ames, 
using  five  strains  of  Salmonella  typhimur- 
ium  without  activation.  They  concluded 
that  2, 4,  5-T  is  not  mutagenic. 

Fujita  et  al.  C149)  reported  chromosomal 
abnormalities  in  in  vitro  cytogenetic  studies 


of  human  lymphocytes  exposed  to  10~^  to 
10-*  M  of  2.  4.  5-T,  which  contained  0.09 
ppm  TCDD.  Breaks,  deletions,  and  rings 
were  observed.  Chromatid  breaks  increased 
with  increasing  concentrations  of  2,  4.  5-T. 
It  was  not  possible  to  distinguish  whether 
this  was  a  toxic  effect  or  a.  potential  genetic 
effect  CISO). 

Majumdar  and  Hall  C169)  reported  on  the 
cytogenetic  effects  of  2,4.5-T‘*  on  in  vivo 
bone-marrow  cells  of  Mongolian  gerbils.  The 
animals  were  injected  with  total  amounts  of 

2.4.5- T  at  the  rate  of  50, 150,  250,  350,  or  500 
mg/kg  body  weight  over  the  5-day  period  of 
the  study.  Increasing  numbers  of  chromatic 
gaps,  breaks,  and  fragments  were  observed 
at  250,  350,  and  500  mg/kg  doses.  No  ex¬ 
change  figures  or  isochromosome  gaps  or 
breaks  were  observed.  This  is  not  a  defini¬ 
tive  experiment  for  indicating  the  potential 
of  2.4,5-T  for  causing  heritable  chromosome 
damage  C170).  Toxicity  effects  of  the  chemi¬ 
cal  could  give  similar  results  (17(7). 

Davring  and  Hultgren  C171)  reported  on 
an  in  viw  study  on  the  cytogenetic  effects 
on  bone-marrow  cells  of  Mus  musculus 
(male  mice)  induced  by  a  Swedish  commer¬ 
cial  2,4,5-T  ester  formulation  '*  and  its  com¬ 
ponents.  The  study  showed  that  2,4.5-T 
commercial  products  can  affect  chromoso¬ 
mal  and  reproductive  mechanisms.  Two  dif¬ 
ferent  strains  of  mice  were  used  with  similar 
results  for  both.  These  results  correlated 
with  effects  seen  in  Drosophila.  The  au¬ 
thors  stated  that  chromatid  inter-  or  in¬ 
traexchanges  were  never  observed.  This 
study  was  not  carried  out  sufficiently  for 
the  demonstration  of  chromosomal  effects 
such  as  rearrangements  in  future  genera¬ 
tions  of  somatic  cells  (f  7(7). 

Davring  and  Sunner  C172)  demonstrated 
cytogenetic  effects  of  a  Swedish  commercial 

2.4.5- T  formulation  *  on  oogenesis  and  early 
embryogenesls  in  Drosophila  melanogaster. 
A  50  percent  decrease  in  fertility  for  the 
flies  was  determined  to  be  250  ppm.  This 
level  is  40  to  60  times  less  than  field  use  con¬ 
centration  levels.  Reproductive  and  chromo¬ 
somal  effects  were  observed. 


'*The  2,4,5-T  used  in  this  study  was  pur¬ 
chased  from  Eastman  Kodak  Co.,  Roches¬ 
ter,  N.Y.,  and  contained  no  measurable 
amount  of  TCDD.  The  authors  do  not  indi¬ 
cate  the  limit  of  sensitivity. 

**The  concentration  of  TCDD  was  guaran¬ 
teed  to  be  less  than  0.1  ppm  in  the  product. 

*TCDD  concentration  was  less  than  0.1 
ppm  in  this  formulation  which  was  tested  at 
practical  field  use  concentrations  or  lower. 
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(2)  TCDD—(sl)  Positive  Sttidies.  Hussain  et 
al.  (.24)  evaluated  the  mutagenic  activity  of 
TCDD  (99  percent  pure)  on  three  different 
microbial  test  systems.  In  the  first  study. 
TCDD  significantly  Increased  the  incidence 
of  reverse  mutations  in  Escherchia  coli  Sd-4 
administered  2  fig/ml  TCDD  from  strepto¬ 
mycin  dependence  to  streptomycin  Indepen¬ 
dence.  This  was  the  only  dose  at  which  mu¬ 
tations  were  clearly  observed.  No  details  of 
the  experimental  protocol  were  given,  and 
statistical  methods  were  apparently  not  em¬ 
ployed  in  assessing  the  data. 

The  second  test  by  Hussain  et  al.  (24) 
studied  reverse  mutation  from  histidine  de¬ 
pendence  to  histidine  independence  iii  Sal¬ 
monella  typhimurium  (Strains  TA  1532  and 
TA  1530).  TCDD  was  positive  in  TA  1532 
but  negative  in  TA  1530.  This  indicated  that 
TCDD  acts  as  a  frameshift  mutagen.  ICR- 
170  was  used  as  a  positive  control  in  the  test 
with  TA  1532.  No  positive  or  negative  con¬ 
trols  were  tested  in  TA  1530. 

In  the  third  test  Hussain  et  al.  (24)  ob¬ 
served  slight  prophage  induction  in  E.  coli 
K-39.  However,  data  from  this  test  were  dif¬ 
ficult  to  evaluate  because  the  solvent  used, 
dimethyl  sulfoxide,  causes  cellular  effects. 

A  preliminary  report  on  the  chromosomal 
analysis  of  hospital  patients  exposed  to 
TCDD  in  the  accident  at  the  Seveso,  Italy, 
factory  was  presented  at  the  Department  of 
Health,  Education,  and  Welfare  meeting  on 
October  12,  1976  (1S2).  An  increased  number 
of  chromosomal  lesions  (gaps,  chromatidic 
and  chromosomal  breaks,  and  rearrange¬ 
ments)  were  observed  in  somatic  cells  of  the 
2-  to  28-year-old  males  and  females  tested. 
Cytogenetic  studies  of  tissues  from  thera¬ 
peutic  abortions  performed  on  women  who 
were  exposed  to  TCDD  during  the  accident 
indicated  that  there  was  chromosomal 
damage  to  cells  in  maternal  peripheral 
blood,  and  placental  and  fetal  tissues.  These 
preliminary  results  were  based  on  a  small 
number  of  samples,  and  no  specific  data  are 
available  at  this  time  (150). 

(b)  Negative  Studies.  Khera  and  Ruddick 
(6)  conducted  dominant  lethal  tests  in 
which  male  Wlstar  rats  received  TCDD  at 
dosages  of  4  and  8  fig/kg  per  day.  The  stud¬ 
ies  indicated  that  no  dominant  lethal  muta¬ 
tions  arose  during  the  35  days  after  treat¬ 
ment.  The  period  examined  corresponded  to 
postmeiotic  stages  of  spermatogenesis. 

A  cytogenetic  screening  study  of  the  ef¬ 
fects  of  TCDD  on  bone  marrow  cells  of  male 
Osbome-Mendel  rats  was  performed  by  the 
Food  and  Drug  Administration  (119).  Two 
separate  experiments  were  performed.  The 
first  was  a  multiple  dose  test  in  which  10  fig 
TCDD/kg  per  day  was  administered  by  intu¬ 
bation  for  5  consecutive  days.  In  the  second 
test,  single  doses  of  5.  10,  and  15  fig  TCDD/ 
kg  were  administered  IntraperitoneaUy  and 
20  fig/kg  (the  highest  dose)  was  adminis¬ 
tered  orally.  There  was  no  evidence  from 
these  studies  to  Indicate  that  TCDD  pro¬ 
duced  cytogenetic  damage  in  the  bone 
marrow  of  these  male  rats.  Toxicity,  which 
was  indicated  by  a  slight  weight  loss,  was 
noted  in  rats  that  received  a  single  dose  of 
15  or  20  fig/kg  (the  highest  dose  levels). 

Green  (119)  conducted  a  short-term  inves¬ 
tigation  of  several  dioxins,  using  male  Os¬ 
bome-Mendel  rats,  to  determine  what  po¬ 
tential  these  substances  had  to  produce  cy¬ 
togenetic  damage  in  rat  bone-marrow.  In 
one  study  all  of  the  dioxins  were  tested  by 
being  intubated  in  the  rats  for  five  consecu¬ 
tive  days  at  10  yg/kg  per  day.  A  second 
study  involved  TCDD  alone  administered 
orally  at  20  fig/kg  and  intraperltoneally  at 
5.  10,  and  15  fig/kg.  The  author  foimd  no 


evidence  that  any  of  the  substances  tested 
produced  cytogenetic  damage  in  the  bone 
marrow  of  male  rats. 

In  conclusion,  although  Hussain  et  al.  (24) 
have  demonstrated  that  TCDD  does  appear 
to  act  as  a  point  (gene)  mutagen,  the  evi¬ 
dence  is  weak  for  heritable  genetic  effects 
since  the  level  of  mutagenic  testing  is 
meager  and  there  were  some  major  defi- 
ciences  in  some  tests.  However,  the  study  by 
Hussain  et  al.  does  not  fulfill  the  criterion 
of  multitest  evidence  as  prescribed  in  40 
CDR  162.11.  Although  TCDD  does  appear  to 
have  the  potential  to  act  as  a  chromosomal 
mutagen  from  the  in  vivo  cytogenetic  stud¬ 
ies  (152),  specific  data  are  not  yet  available 
from  the  Seveso  accident. 

(3)  Chromosomal  Damage.  The  Working 
Group  also  wishes  to  call  attention  to  three 
studies  (previously  discussed  in  Sections 
III.B.(2)(b),  IV.(l),  and  IV.(2)(b)),  which  in¬ 
dicate  that  2,4,5-T  and/or  TCDD  may  cause 
chromosomal  damage.  Fujita  et  al.  (149)  re 
ported  chromosomal  abnormalities  in  in 
vitro  tests  on  human  lymphocytes  exposed 
to  2,4,5-T;  abnormalities  included  breaks, 
deletions,  and  rings.  Yefimenko  (167)  re¬ 
ported  damage  to  bone-marrow  cell  chromo¬ 
somes  (including  breaks,  true  aberrations,  or 
rearrangements)  in  in  vivo  tests  on  rat  go¬ 
nadal  and  somatic  tissue  exposed  to  butyl 
ester  2,4,5-T.  The  preliminary  HEW  report 
(152)  on  the  Seveso  incident  indicated  an  in¬ 
creased  number  of  chromosomal  lesions 
(gaps,  chromatic  breaks,  and  rearrange¬ 
ments)  in  somatic  cells  of  2-  to  28-year-old 
humans  exposed  to  TCDD. 

The  Working  Group  concludes  that  there 
Is  a  data  gap  on  mutagenic  effects  and  that 
further  evidence  and  testing  is  needed  on 
the  mutagenicity  of  2,4,5-T  and  TCDD.  The 
Working  Group  would  like  to  evaluate  more 
detaUed  and  specific  information  as  it  be¬ 
comes  available  from  the  Seveso  accident. 
Relevant  information  or  studies  on  the  mu- 
tagenetic  effects  of  2.4,5-T  and/or  TCDD 
should  be  submitted  to  the  Agency,  and  the 
option  for  re-evaluating  their  mutagenic 
properties  must  be  left  open  should  more 
conclusive  evidence  become  available. 

B.  Toxicity  to  Humans:  TCDD—(1)  Chlor- 
acne.  A  number  of  researchers  have  report¬ 
ed  illness  ascribed  to  TCDD  (90,  93,  95,  153). 
Most  of  these  toxic  effects  have  occurred  in 
chemical  plant  workers  after  accidental  ex¬ 
posure  to  the  dioxin.  While  a  number  of  ill 
effects  have  been  reported,  the  most  widely 
known  is  chloracne. 

Chloracne  is  a  severe  skin  disease  result¬ 
ing  from  exposure  to  highly  chlorinated  di- 
benzo  dioxliis.  It  is  a  disease  of  the  follicular 
and  sebaceous  glands.  Its  symptoms  and 
signs  include  skins  lesions,  follicular  hsrper- 
keratosis,  and  the  formation  of  large  seba¬ 
ceous  cysts,  inflammed  tubercles,  and  pus¬ 
tules.  In  addition  to  these  symptoms,  chlor¬ 
acne  is  often  accompanied  by  a  brownish 
keratinization  of  the  skin,  cystitis,  pyelone¬ 
phritis,  depression,  hirsutism,  fatigue,  neu¬ 
rological  disturbances,  raised  cholesterol 
levels,  liver  damage,  and  psychological 
manifestations  (10,  15.  16,  154,  155,  156, 
157).  Several  researchers  have  observed  that 
chloracne  is  not  only  irritating  and  persis¬ 
tent  but  also  very  difficult  to  cure.  It  is  one 
of  the  most  frequently  contracted  forms  of 
occupational  dermatitis,  occurring  primarily 
in  chemical  plant  employees  engaged  in  the 
production  of  2,4,5-T  and  2,4,5-TCP  (16,  95, 
155,  156,  158). 

The  first  report  on  a  toxic  material  being 
the  causative  agent  for  an  occupational  skin 
disease  appears  to  have  been  by  Dr.  Karl 
Herxheimer  in  1899.  Dr.  Herxheimer  diag¬ 


nosed  the  cause  of  dermatological  problems 
in  a  German  factory  worker  as  exposure  to 
chlorine  ions  in  the  production  of  caustic 
potash  (159).  It  is  from  this  early  diagnosis 
that  we  get  the  name  chloracne.  During  the 
early  1950’s  there  were  a  series  of  industrial 
accidents  in  Germany  resulting  in  an  out¬ 
break  of  chloracne  in  the  employees  of 
chemical  plants  manufacturing  2,4,5-T  and 

2.4.5- TCP.  The  symptoms  of  the  employees 
of  one  of  these  factories  in  Hamburg,  Ger¬ 
many,  were  extensively  investigated  by 
Kiminlng  and  Schulz  (16).  These  research¬ 
ers,  using  the  rabbit  ear  test,  proved  that 
the  cause  of  the  chloracne  was  a  contami¬ 
nant  found  in  crude  2.4.5-T(D  and  not  the 
formulated  2.4,5-T(D.  Later  on.  Bauer  et  al. 
(15)  conclusively  identified  TCDD  as  the 
causative  agent  of  chloracne. 

(2)  Porphyria  cutanea  tarda  and  b-Amino- 
levulinic  Acid  Synthetase.  Porphyria  cu¬ 
tanea  tarda  (PCT),  a  form  of  hepatic  por¬ 
phyria,  is  another  disease  caused  by  expo¬ 
sure  to  TCDD  and  often  accompanies  chlor¬ 
acne.  PCT  occurs  primarily  in  industrial 
workers  associated  with  the  manufacture  of 

2.4.5- T  (93.  94,  160). 

The  symptoms  of  porphyria  cutanea 
tarda,  a  defect  in  hepatic  metabolism  of  por¬ 
phyrins,  are  fragility  of  the  skin,  photosen¬ 
sitivity  of  the  skin,  hyperpigmentation, 
over-production  of  porphyrins,  hirsutism, 
and  neurological  and  intestinal  disorders 
(94,  160).  It  is  also  characterized  biochemi¬ 
cally  by  an  increase  in  the  activity  of  the 
mitochondrial  enzyme  6-amlnolevulinic  acid 
(ALA)  synthetase,  which  is  the  first  and 
rate-limiting  enzyme  in  heme  biosynthesis 
(160).  TCDD  was  thought  to  be  a  potent  in¬ 
ducer  of  ALA  activity  in  chick  embryo  liver 
(115).  Goldstein  et  al.  (161)  reported  that 
TCDD  was  found  to  induce  ALA  ssmthetase 
and  hepatic  prophyria  in  mice.  These  re¬ 
searchers  stated  that  at  that  time  [1973] 
TCDD  was  the  most  potent  porphyrogenlc 
chemical  known.  Poland  and  Kende  1976  (4) 
found  that  the  duration  of  ALA  induction 
from  TCDD  exposure  is  prolonged,  most 
likely  due  to  the  long  biological  half-life  of 
TCDD.  These  researchers  also  found  that 
ALA  synthetase  inducers  have  halogen 
atoms  occupying  at  least  three  of  the  four 
lateral  ring  positions  (positions  2.  3,  7.  and 
8),  and  that  there  is  at  least  one  free,  non- 
halogenated  ring  position.  TCDD  fulfills  aU 
of  these  requirements. 

2.4,5-T:  Position  Document  1 
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••••  »Njouci  »r«NcH  LisTiNfe  ••••  #«ce  i 

lO/ti/77  FCuE«i4LI.T  «(EwlS1£HtO  FwUUUt CO«ilT«rNI*lC  r»TC*8/S*LTt 


•«t61ST*4Nr»  •N44E  4NU  4u0wE4S* 

•  aOMli)!  CnEMlC4L  CU.  iHl. 

d  HttMZ  4VE, 
r«>M4VfLLfc  NV  1i«9S 

•••••••••••••••A  FRJUUCI  N4ME  •••••••< 

•  •00140*  MJliint  4tL(»MU4H 


•  •••  FKjOUCf  SC4MI.N.  Ll8tl*i&  •••• 

10>0>/77  ►eu**<4LLT  XkUlSTtirtO  F**OOUtTS  l.JNT4|NlWfc  8*«*S*T  fSTt«»/8*tTS 


*«E6|STM4NT*  4N0  4PDKkSS* 

•  VU0??4  fUH4tCJ  »l4TtE  CHf«IC4C  CO»F4»<t 

•UR  «79 

tiRlNGfUN  I^V  4U801 

••••••••••••••••  HNjOuCl  "tRUf  •••••••••••••••• 

•  Tu«l4CbU  ST4U.^  tttiAhu  kSIEM  bOuSH  nJuLEM 

••0015S*  Tjtt4CtU  ST4TfS  «NANU  LU"-VUt  tfVOSM  KlCLtA 


•  •ieGlSTftRNf*  ANAbt  4f«D  RUPbEbS* 

•  UUU1V4  eNukiN  4  InC 

«*u  4(11 

tNUr444**jLlS  IN  NdiTUb 


•  ••••••••••••••*  »*NJUjCf  ««N( 

>UVU««A  llwnlcnRlt  CiiNCiNlN4Tt 


••itClSTMANI*  ANRV  4NI>  4l>OwE&S* 

•  auvi«e  <HjMHSjN*N«Vli4NM  C*'EM|c4L  cUNNanV 

oiu  ^le) 

A4NS4S  CITV  4S  4011V 


••WV?11« 

••VV?1^* 

••VV«SlA 

••UVV^4« 


»••••••••  KNJI»JCI  N4Nf  •••••••••••••••• 

1‘tU-oklO  H»*5> 

0k0*«tku  i.V-4  HNUVn  KlL  LU4  ValRTKE  kSfkN 
PfI'kjTkft  UkU»«kkU  4MlNt- 1  4«l«(t  S4lT 
OkifNCkD  LV**  SHUSH  HlL 
?*o*S*T  rsujctvk  kSIFN  TkiN4«lc4L 


•4tbltrft4Nr*  ANRNE  4NU-4uUNl4S« 

•  VVU^^a  HlvENURLt  CMkMlCRL  CUMHANV 

•?v  k  I7in  ST 
CHtC4bJ  HUTS  U  4U4I 1 


••VOOlS* 

••UVV14* 

••guuj7* 

••OVVhS« 
••OUOTV* 
••0V077* 
•■UV076A 
••VV09I • 
•  •UVU4* 
••00120* 


•#•••••••  KSjUuri’NRNk  •••••••••••••••# 

NlVtH.jRLF  SHUOH  RlLLEN  |  CUNTRINS  L  J«  VJlRlUk  2»4< 

NlVtHwRck  HkkdEsTNU*  2*«*S«l 

2«VfS«T  LUH  VJi4Tltk  kSIkN 

NlVt^uRLE  SNU^H  rU(.(m  r  kSffH 

NlVtffklALE  HNUOH  HUlCh  2 

IkiVtNUktE  7JHHU1.4  u  HH.IbM  RiLtt"  * 

4lVtNw4L7  2#V«S*f  RH|l,t  HMUSM  HRLlM 

NtfcUtoTNUY  kSTkN  4 

2«4«b«T  IV4 

MlVtttjRLk  Hjl  jir*2»(4*S«l  LU«  VtlWRiJLE  kSTkV 
NlYtOuRLE  NUfjRV  ORuSn  MlLLkN  ?  LJ«  VUL*TlLk  ESTEh 


b*f*  i. 


,U  • 


•  •••  i»niOuCT  SERHLH  listing  ••••  P4Gk  4 

ie/US/77  fkuf««4LL*  4E»l$lk<(tD  PNUVUCtS  CUnTrInIng  2.«,«»«T  ESTEMS/SRLTS 

••tDNtlNuk  NkWiSTPANt  UttVtoR 

••U119S*  UkU*«bFO  4MlNt*1  RPlNk  aRLf 
••V12V4*  UkO*PtfO  uS«4  SHUSH  KlL 
••Ut?U4*  Obl**4cEG  L«  2*1  SNUSH  KlL 


•PkGlSTPRNT*  ANRSk  RNU  RUDPESS* 

•  tfOOlSO  PRSRfCS  LHkPlCRl  UIVJSIUM  tSTMRDR  IMU  INC 

H  J  SUM  o2l9 
SRLT  LRRk  CITY  Ul  oRlOe 

•••••••••••••••ft  PPjOtfCT  NRME  •••••••••••••••• 

•  •tfU22T*  SRSLO  2*««S*t  LU»  VULRTILC  E.STCn  •£•«  E.C. 

•  •VU2S1«  pRSgO  2»R«S*1  SUTTL  EsTtP  #«•  k*l«C2«««S«T  ENUL.CDNC.) 
••UV241*  MRSCU  HNUSH  RILLEH  LUs  VULRYIlC  2*««D  2*R«S*T  ENUL.  C. 


•PiGISIPRNlft  ftNRNE  RNO  RUDNESS* 

•  U0V179  sOGLE  N  h  CUPPRNY 

•OR  SSS 

RLkRRNGPlR  VR  2250v 

•••••••••••••••ft  PNjUuCl  NRSE  •••••••••••« 

••0U94«*  ttU*Klw  R.  U.  SPutH  RiLLkP  SRE*« 
••OwOsSft  Bu-Hiu  R.  II.  OHUSn  RlLLkP  BRC-4 
•  •0u947*  Bu»nIu  r.u.  BhuSH  hULEN  S«k*  2*2 


^••ft  pmjDoCT  SERHCH  LISTING  •••• 


prCE 


IO/OS/77  FEuEhRLLT  MfcMlstkPkO  PPOU'iCTs  UOnTrInTnG  2*«#S«T  ^STfcPS/SRlTS 


•PECISTHRNf*  ftNRNk  RNO  RuDhESS* 

•  0002)9  wHEVkUN  LHfcPICRL  C^'HPRNY 

JPTHu  GIvlSlJN  940  HtNSLkY  HAT 
kKhNUNU  CR  99001 

••••••••••••••ft*  PMJOuCT  nahe  ••*••••••••••( 

•  •UI2S4*  ONTntl  LY  sPJSn  RlLtkP  Ti/*2 


•REGtSIPANI*  ftNANE  RNU  AuDnE»S* 

•  000249  RMCHtM  PkOUUCT  |NC 

SNJURSlOk  RVt 
AMSLtP  PA  19002 


*PJUUCT  NANE 


••000v9* 

••00010* 

••00019* 

••00021* 

••OOOS)* 

••00042* 

••00071* 

••0007)* 

••oooe«* 

••OVOS4* 

••0O0B9* 

••0010)* 


PkkuuNF  2#9«S«T 
•tCuU*E  HR  i2 

HLEU'iNE  HR  s« 

PkEUUNE  I.S.R. 

HtkURK  RHINE  SR 
NtEURN  2*9«S«T 

2»9»5-r  LUM  VuLRTlLk  ESTEh  SPuSH  rIllEP 
2««*n*2,«i,S.T  LJ4  OULAtlLk  tSTEP  BHuSh  RiLLkP 
RMLnEn  TPInjRoL  • 

RHINE  2>«,S*T  POP  PICk 

PtkOUlC  2»«#S-T  SPEL.IAL  RIP  SPRAT  FUPHULR 
AHCHEH  UINURUL  ' 
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••••  MwOUCr  MAUCH  II9T1*I6  ••••  PM  9 

l•/•S/7T  »tUtMU.Cr  Hburtno  ^HOtfUCTl  CONTAInIiiC  a»«#9*T  C9T|«9/i«LTa 

taCONTIliUt  (HCiailftNT  OQliM 
••wailU  AWwrtfM  |NVEMT*0T 
•••aui*  Mmn  iNviHT-f 

•  •PPMPa  ANCMfN  TtlM'JfX  aunif  •  * 

••••tit*  OINUIX  •u*t«  • 

•  AMCMf<l  (MULlAnlMf 

•••VUS*  InUklAMlIti  ••  «U)UT  n*MT  HCfftlClOl 

•  •••lMNON  |•l••t  IIIIU«>MI|LLC* 

••••twc*  enuLiAnti  uu 

•  *••••••  fiH»iSAVt*T  tie 

•  •iitli*  IkCNWiCAt  t»  4$  t*T  litiR  <rClM  UfE  tM  fH|  KAMUfiC  lUttf  OP  HfillSClMtl 
•••etei*  akCugir  T»«  UOCM  iMMUIllu 


••Oitit*  AMC*H«  •«  ijimT  HtViiciue  * 

•  •••t*S«  AHifite  M  ijuuv  iLiiT  hiiaUIUE 

••tfete«*  voo^v  •iant  MtHtfUlor 

•  •OutAi*  AHCrlC^  t*i»l*l  eUUUT  iLAil  HfNtlClOE 

••••••T*  iitUOftf  ii>»l*uT  ilAiiT  MkiilClOf  OuOM  liNUtTtO 

••iwtit*  «fcktfa«*r  t*#*!*!  AirktAt  Ali  s*»iAV  AjAMucA 


•  •kAtlTAANl*  •NAil  Ai'^  Ak^DMiif* 

•  nvAAN  CuwAut^ATinai 
^\H  m  >•(»•  At 
VMICAAJ  tL  iWetfi 


rju«.>0  AAiC 


•  •••  Mjoucr  SfANCM  LiSIliC  ••••  AACt  7 

lA/ei/77  FEwEKALLV  AfctelSTfcliO  AnOUUCTA  CUMTAInIAC  t#4«l«T  ESTEAS/SAtrS 

••CONfIWUf  AiClAriAHV 

•  •0AS«t*  CHIAMAk  |,«*0  and  t»i»9«T  f«r(A  All  TACAIilCAl 
••AAiOl*  ChIAaan  0  AAU  T  N||  au«  A 

•  •AAAIt*  T  A  C  lAAN  AliO  RKtCA  CONCENTAATA 
••••All*  AmIFY  Mil  MJ,  I 

••OOAti*  IMIAT  Mil  MU*  t 

•  •AAAil*  V19K()*iNAM  LUa  VULAYItC  EATEA  1U*1T  FOA  AlA  AAAlUATIUN 

••gAiii*  V19hU*AMAA  UUa  ¥OwAtlLl  EATtM  1U*|T  FuA  ANOUMO  AAMLICaTKIM 

•  •••iii*  tfl9lO«MHAM  UK^AOCUAUE  AMJUt  A*}T 

••OOASt*  VlAAU«AnAM  LO«  VOLAYUE  ESTEM  tl  FUN  ANuUMO  AMALlCAflUN 

•  •eoilt*  VliAliMnAf'  Ltl*  VOLAfltr  eayen  ti  FON  A|N  AAAlICaTIUN 

••OviSS*  v1Sa«i*»ham  m  wua  vOkAlKE  t  V 

•  •OAiSA*  VIAA(|«ttr«AM  kU4  VOLAYliE  FATAM  |1 


. . . . . . . . . . . . . 

•AACIATNANT*  ^  aNAMA  AMD  AUOmAAA* 

•  VUAiA?  IMMFmTAI  IMC 

0IIR  «ti 

*  ahEnamvuan  Ia  Slegi 


••••••••••••••••  MMJUott  MAMA  •••••••••••••••• 

••gUlil*  iMPtAlAl  LU«Vil  AuPtN  bHliAH  KKLfM 
•  •gglMi*  iMPAAiAC  LfVjL 

••AgleS*  ImPawial  mj*«  ljm  vuiATHA  mAuSh  imu  mFEO  nHlEn 

••ogUi*  iMPtHiiA  M«<«  ^  i.n«  vOcatile  anuah  amo  nEu  aIllaa 


••••  PmjuuCI  AEANkM  LlAYlMfi  ••••  PAAA  A 

lA/01/77  FfUfMALLT  NivUYiHAO  PNOUVlTA  kOMYAlMiMb  t««»A>T  FAYEAA/SAlTA 

••COmYIMUE  MAAIAIManY  gAgSii 
••bitfS*  6CC  «4i 
•  ••glAA*  6i.C«itl 


••aaiayaany*  •name  and  auoaeaA* 

•  AAgllA  MOTT  MAMuFACfUNtMA  CUMPANV  ]mC 

PLEAAAMT  valley  MV  lt%ii 

••••••••••••••••  PAUOUCT  NAME  . . . 

•  •gAOii*  MjTI*i  POIAUM  IW  RILLEM 


•■lAlAYAANl*  aMANE  AMU  AUDNEAA* 

•  AAAISA  MMUOIA  IMC*  AAnICULTUNAI  OlVlAIOM 

P.U*  AOI  Itl 

MOMMUUIM  JUMCYION*  MJ  AAAlt 

•••••••••••■•••a  PttjOuCT  NAME  •••••••••••••••• 

••AAI7A*  AhuOAa  t«i.A-l  LOa  vOLAllLC  EATEN  AL 
••0AI7A*  AMdUlA  LOM  volatile  AnUAH  KXLLEH  MU,  t 

•  •AAilt*  AmUPIA  lom  volatile  ANUAI*  RUlEN  N0,1 

••••ill*  AmuuIA  LOM  VOLAllLC  CATEA  AL 

•  •AAlAA*  UTILIIV  AIIUAH  rILLEM  NU*  i 
••AOfiA*  CHIPMAM  AMINE  HNUAN  R]LLEN 
••AAITA*  ChINMAH  AEAUAuL  APELIAL  MlllUAE  MU.  I 
••OAIAA*  AmUuIa  t«i|A*l  lAuOGTVL  EATEN  fTiP«MUALt 


•  ifMjuuLl  AEANLM  LIAIIML  •••• 


PAGE  A 


lA/g)/77 


FEuE^ALlY  NEuIaTENEO  Pf'UUUCTA  LUNTA|MIm6  d,- 


^•T  EATENA/AAlTA 


•  NECIATNAMI*  •mama  AMI)  AUONEeS* 

«  ggoRil  qaitTela  •  SMjNtA  chemical  lumPamt 

lig0«ut  AT  LUUIA  AVE 
RAMSAS  HTY*  Mu  OMIOI  , 


••••••••«••#••••  PPjUJCf  NAME  •••••••••••••••• 

••ggots*  PlUMEtP  BHAMU  NNUbH  NILlEN  Ntl*  tS  HUTVL  EATEN 


•NEAIATNAMT*  •name  aku  auonesa*  , 

•  OuO««i  IELMmE  CJNPUNAIIUM 

L/U  MEWbkArUNT  AFFaInS  0EPI«  FAPNLAMU  IMU.* 
N.  II,  AU«  7)V1 
RAMAAA  Clff>  MU  N411N 


••AAOti* 

••gggtA* 

••ggOiS* 

••AAlti* 

••OOltT* 

••ggllT* 


•••*••••*  HNJOUCT  MAM|  •••••••••••••••• 

MuflURllL  EAIEh 

NUOU-MiLL  CJMlEmTNATE  <EATEM) 

Mutiu*AiLL  ALN.  butyl  eaten  CUNCEmTNATE 
LUM  VUI  4  lA  aduU  KILL 
MJ.  4  IJ4  VJLATKE  ••4«A*T 
t*4,%,.1  4L0  MUTVL  EATEN 


•  NkfilSTNAMU  aMAME  'AMO  AUDNEAA* 

*  Ag04A4  UUM  IMEMICAL  U  9‘A 

NU  HOI  l/Ui 
•tULAMU  Ml  4A440 


(jOoCT  NAME. 
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••••  Muowcf  maklh  iitrinc  •••• 


IV/ttS/TT  ffttCNALLT  MfteltTenP  ^MUOUCTI  CMf 4|lii|««  CtTeM/tAUTS 

••CJHTlnuE  tiVJIIOAMt  «•#«•« 

•  •OVIM*  UtM  tf«S 

•  r»  tHU^M  AND  lieiv  KiLlEt 

•  T|l»IO«  CC  ticfv  Alip  »«aSH  KltLkO 
••OtflvO*  VtHlUv  r  HCNtiClOi 

•  ••vSSI*  AiLU*  «T 

•  •9QlM»  PtfUAN  kILlEN 

••OuS*«*  Oja  TjhuOm  1%)  HlaTOiH  •Hula  KitLift 
••0U««|T«  Timuji.  i?S  aUTullt  HCMMiCiOE 
ViOlU^  tfT 

•  »*A*S-T  MuTjat  tTHAHilL  tllCMj 

•  NUfJiV  (SH*k 

•  •tlUAXA*  ?««l«S-r  HUlTt  CtltHV 

t«UVfla$t  tXtXtVL  ttrtut 

•  •tfwS^T*  Oja  NauAM  AlltfN  ■  aCtlttlClUE 

•  Uua  aikctN  tl  MiMnUlUt 


•  •MAn  Aao  AuotfCdt* 

•  99vul^  ^lAiffTEA  iHtNlVAL  LA«(LIn(  A  ttfcCl  STOAT  lUN 

l^Ull  SlKiTN  ATIH  SI 
AlcaMUaU*  CA  AAAUA 


*••••••••••••■••  ONJUjCI  *•**•(  ••••« 

•  •UAAUII*  TtfUIxftAMlM  A*s 

•  •UAA?S«  AhInC  *» 


••••  AttuPuCI  SCAOCN  LlSflAA  »•••  OAOe  II 

It/SS/rr  ECvCAALLT  OiblSTlOtO  OHOUUCTS  CCHiTAINXWC  S,a,S*T  ISTfcSt/SALTS 

••continue  skctsiOANr  tfwus^A 

••OS^SS*  IsnsUlTL  ESrCH  technical  cnape 


•NEttlSTRANT^  •NANE  ANU  AUOOSSS^ 

•  SOVSil  AAXIIi)  A  NCNUlOi  INC  « 

SrjUTH  ST 

aOLHNUOA  NA  V^iAl 

. . .  NANE  ••••••*••••••••• 

••eOlllA  APT  AalNE  «AU«M  KlLLEN 
••OOllA*  AT  AMiNi  NOJSn  aIlLAA 
••AAtST*  AI«tS(EM  NUuSn  RlLtlN 
••OUtSA*  AUT-EATAN  NA4<SH  AKLEn 

•  •OVISI*  SHi'AM  AUlEA  aua  VilLATllE'tNULSIElANLC  CUNCEnTwATF)  LV  Su/A* 

•  •VAIAA*  fIMOAH  KUIEA  (lu«  VULATILA  ENuLAIEJASLE  CUNCfNTAATFi  iV«AT 

. . . . . . . . ••••••••I 

AAtblSTSANTA  •H»ni  and  AuONkAS* 

•  tffOSSA  AAAC'J  INb  ' 

•U«  aAa 

•OANU  EuaRS  NU  SA^Ul 

••••••••••••••••  EHjUuCr  NAHk  •••••••••••••••• 

•  •ttUOSA^  AbStil  NNliAH  RiLLiN 


••••  ANjOuCT  AfAbCM  LlSIlNb  ••••  NACE  lA 

IA/aS/TT  EEuFxALLf  AtalSTENiO  NuilUULTS  LONTAININC  ESTEOS/SAlTS 

••LJallNUE  NtSiSlNANT  AOAATa 

••tfAAvl*  2«A-0**^<A«V*l  ISuOCTTL  ESTtM  LO«  tULAflLE  OAUSH  RILtEA 

•  •AUAOA*  d*A,S*T  UnXTTL  tSIEA  At  LIW  VULATILE  SNUAM  RILLCN 
••OUAiS*  ^•A,S*T  SuTTL  ESTEN  A*E 
••AWA5S*  t*A«0  ?«A«S«T  ttUffL  ESTtHS  l.SS*.AA-E 

••AVASA*  SlAUEfEH  A»A*U  2«A«S**T  NUTTL  EATEOS  ENULSIEIASlE  LIOUTU 


•  •••  Aw^CT  AEANlm  LlSIlAb 


OaCE  u 


U/OS/TT  EEUFAALLr  AkbISTtAtO  OaOUUCTS  LUAlAlNlNb  ?»A,S«T  ESTEAS/SAlTS 


•AkClSTAANT*  aNAAk  AND  AUDAfSSa 

•  UbOST^  HilCRLAAb  CNtAUAL  LU,  iNC. 

AJI  AAA 

cALOaELL*  NJ  OTOUA 

. .  AAjOuCI  a*NE  «•••••••••••«••• 

••OUbSS*  NuCRLANU  AAU$4  AlLLkA  (tSTkA  EUAN)  LO«  vUUAflLE 


•AtfilSTAAN 
•  OAOStA 


••OAAAla 

••OtOAS* 

••AAAAAa 
••OSIOt* 
••AVI !•• 
••OOIII* 
•  •AOUA* 
••AblSA* 
••ObESA* 


!•  aNANE  ANU  AUDNEAS* 

NONSANTU  CuHAANV  ^ 

ACNICULliiAAl  AkUUUCiS 
•Sb  N«  LlNuHAbM  SLbb* 
bT,  LOUUf  MU  ASINA 

•  •••••••a  AAjOXf  NAME  •••••••••••••••• 

2«A»S»T  ISUAMjAVL  EbTEA  TECHNICAL  6NAPE 

technical  bAAUC  4«ArS*T  tUTTL  ESTEA 

MUNSApiTO  i«A*b  •  4»A,S«r  nuTTL  ESTEN  AAuSm  RIlLEA 

<*AtS*T  LUN  VULATILE  ESIEM  NNUSM  RILLEA 

Otl  MONSANTU  E»A,S»T  ISOUCTVL  ESTEA 

MONSAmTu  E»A«b*T  ESTEA  NAuSh  kILLEA 

2,A«D  ••a»A»S»T  AMINE  ANUSH  AlLLEN 

MONSANTO  2>A«E«T  AMINE  bAO$H  r.|:LEA 

AlkUSH*ntlOE  AAUSH  AlL^tA 

ANUAM  alite 

2«A*0/2,A,%-T  MliEO  ESTEAS  N*HUTVL  AND  ISUAUTTL 
2«A«U/2«A«S«T  SUTTL  EATLAS 

2»A«0/2«««S*T  luA  volatile  ESIEA  AAuSh  rIllEA  (COOESA) 


•AEblSTAANTa  aNANE  AnO  AUOAESSa 

a  ObASTT  sHEAalN-alLLlAMS  CUMPANT 

101  PAJSPECT  AVE  Nn 
LLEVeiANu  OH  ANIbl 

•••••••••••a.*.*  PAjOuCT  name  •••••••••••••••• 

••ObSkEa*  ACMt  PniSON  IVT  RILLEA 


•AEGISTAANTa  aNANf  AnO  AUUAEbSa 

A  bOObS^  mutual  OEALENS  mhULEAALE  inl 

2SA1  HANNDEN  AVE 
AT  PAUL  AN  ESIIA 

•••••••••••••••a  PAJOuCT  NAME  aaaaaaavaaaaaaaa 

•  aObOEEa  NuMTNi^OME  L  V  aHUSm  RILLEA 
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•  •••  MjOuCT  LiaTlfl«  ••••  »«•€  II 

l•/oi/7T  riuf^ACLT  MCbitrtno  pHOoucra  canTAiMiwc  4»«»t»T  ESTfui/tALia 


••••  VNjOuCI  SEAHCH  L191IN6  ••••  ^*CE  15 

10/01/T7  9EU«fN4LI.T  NfUlSTlfflO  OmCIUUCTS  CUHTAINImS  a»«*S«T  ESTEAS/SALTS 


••tSUTMAiif* 


•HAH  AHO  AOOHf»t« 


•nSlITHAHT*  •NAHC  AHb  AUOhESS* 


•  CMC«ICAi,| 

tf95a«  t  AUUiauA  II 
•  CA  %0?«« 


UV9SII 


LILLY  CH«9  H  Cuw^AHV  HILLCn  00  DIV 
/TIT  H.l,  nILLIHlShOHTM 
OUMTLANUf  UN  TT^II 


••••••••••••••••  HOJUUCf  NAH  •••••••••••••••• 

••UUlNl*  ItCMNirAL  1*1 IwYLHEaVL  I9IIN  JT 
•  •OaltfS*  TiCftHUAt  ••HuTYL  flTiO  Uf 


•  OtOlilOAH!*  •N*«H  AHO  AliDNl^S* 

•  OW<t«T/  ^1AH.»H0  >H«Hn<XA  C  *00.  AfiOJCULfUNAL  LNCH,  |)|«I9IUH 

A  aHlt  U»  UlAHUHu  ^HAHHHCA  CJNN  ||tf9  IUtill|L)«  A«k  * 
LitVlLAHw  UH  AAIIA 


••WUlv^* 

•  •t'u  W«* 


•  •tfwt  >r* 

•  •ilWiMl* 
••uvl 7i» 

•  •tfwl  /<*• 

•  «a«/W5« 


•  •••#•••■  •'HUUULl  HAHC  •••••••••••••••« 

LiNt  4IUC»  di  NMUIM  AKLIN 

LlNi  ^iDfn  <*1  HhU^m  nULM 

LlHi  w*  lU^SI  HNUSH  AlLLC** 

H^MAH  olLLAO  aUNHAHt  CA<«k  LV  |0/lf*Jl 
UUNMA<ir  CAHi  L*N»CkNlHATi  L»«Hl*uS 
LlHi  A«lHt  AT  NOO»H  KllLiM 

TtHLf  HlUtH  HI  vNufth  »lLlt*t 
LiHi  iIOTm  LY*^1  HifuSH  •iLLtH 
liHt  XtUft*  |H»(Ml  I  CjMcCHTOiTt 
klHi  4lUfM  INtFuT  U/T  CjHLThTmaU 
UAkAHlHl  «r  BAUH"  KilLlM 


••••••••••••••••  NOJOoCf  NAN|  ••••••••••••< 

•  •OdWI*  M1LLIa*S  AHIHE  • 

•  •tIVUI*  HILLCh'H  LV  BmUSh  «illf« 

••OUIIA*  MIllCn  LV  ?f«»5*T  EST(N 

••uw2?9*  HlLLfA'S  BLALRHiHNT  t  MWUSH  AILLCK 

••UUl^H•  MILlEm'S  LV  ^«AfS«T  (9TtW  Hb 

•  •av><^*  ••ILLt'«*S  LV  HHUHHftiLLiN  0 

•  •uuStfS*  MUlEk'S  LV  ^*A«5«T  FbTtM  FuuN  aN 

•  •0U5^«*  MUlEaS  MMuHh  «UlCh 


•  MbdSTAAHI*  •HAAk  AHO  AUONfcaS* 

«  MOtftTH  VELSICX  CMbMlcAL  |.nM» 

A«1  bA»T  uHiu  STMFtf 

LNICALJ  It  HUBlI 


•  •ilMlbO* 

••Oul 7b* 
••UUl 74» 
••bUlbO* 
••Uullb* 


!••••••••  nnjujCI  vahf  •••••••••••••••• 

lAHvFk  Siw  Jli.  SULUBit  iHuUblMlAL  HbWBlUvb 
BAHvbu  •  71U 

RAHvfw  •  ifu  mAIFH  >IIL  IHU  rtFKBlClUt  F>)M  Bba^n  i  B^O'jAhLFAF  mC 
BANvf^  JU  S«>L  IHUUS  nbMH,  BHubH  AHu  BHjAUltAf  .f  fc  0  CjHIMJ 

VbLblLt’L  vF^Aiyul  A  ;u*/1  HtNBiLlUE  FjN  HNtlSH  ClHlWji 


••••  bHjUUCI  BfAHLn  LlSIlHb  •••• 


PM  lb 


lC/Ui/7T 


YbJiAAtiV  Ab^IbltAtO  •*»*(H)ULlS  LUHTaIhIhL  OTb*S/SALTS 


••ljhtihuE  okUismAHi  uUAb/T 
••uvibb*  OACAblHt  dOfi\ 

••yu^ib*  TNAlL«Af  ^0/^1  UtAMlHl  HAlI  uF  4«b-U  A  tf»b*9«T 
••Uy?b7*  IbCHHIfAL  ^•tlMVLHEAVL»( 

••aw?b6*  HCbHICAL  ISUNttuNVL^T  (^,b*b*T) 

••0ul50*  TblnHlCAL  HJ1«1«T 

••OwlSi*  TbCHHiCAL  I9UJC1VL*I  (?f«*5*T} 

••Oy|7S*  T^Alt.AT  «T  CjNTAlNb  b.U  FfUNUt  tf.«.5-T  ALlU  iOUTVALENl  PlP  lALLUN 
••0w;b7*  AMIhE  io^il 

•  •0054)1*  Lj^V’Il 
••0050)*  LU-VUL-bt 

•  •OOlub*  LJ*V<)i.  bT 

•  •oolib*  0|AMtj«()  SmAANjCa  «NU9h  bILLbO  LU-VOl  dO/if 

•  •OvS<5*  OUno«L  iHAbKjCA  bOUSn  blLLbO  IN  LU*VUL  4l 


••tfrllTAAHl^  bHAbl  AHU  ALONEIS* 

•  0007«b  bAA  UIL  LU 

N.U,  ijl  9l« 

LOLONIIA  HU  bS^Ol 

■  •••••• . .  NOjOwCI  HAHC  . . . 

••00050*  h.f.a.  lu*v  i»*0^»y 
••tf0051*  H.F.a*  ^fb«5»l  lUlYL  EIIIO 
•  •0v05l«  .b»F.A.  cO«V  lunb  HMUSH  KILL 
••0U05i*  «.F,A«  suilb  bNuIh  kill  (HUTVL  bUCD 

••uoloa*  b.F.A.  AfHlAL  COlLP  HU.  U 


••••  aNjUuCT  SAANlh  LiSIlHW  •••* 


PM  ,  lb 


10/01/77 


FT  UF  AAiL  * 


AbulftTfcHib  PrtdUUCIS  LitHTi 


IHIHL  ?, 


5-1  FSTt»S/SALT!) 


•  •LJHTiHub.  OfcOlSIbAHl 
**Ou?lb*  VtLbiLilL 
••OOllO*  VtlSlLOL 
••0U2^0•  VtlbUilL 
••UV22b*  VbLbiLUL 
••00220*  Vblblbi'L 
••0022b*  VbLblLOL 
•  •0O25U*  VblbUOL 
*  ••002)1*  VbLOlLiiL 


000b)» 

vFwAiojt  Lv-^0-21  Hb»«B|Cll>b  Fi)h  oMjSh  (.(JHIwul 
vFUAlNul  »t-2l)-/I  rt£HBiCli*t  F>)h  bMjSh  t'JHTKdt 
VblrAtwjL  Ht.-bT  HbkHlClub  FjH  HHUbn  CilHIOjL 
vFbAlKUi  U-b4  MfNHiClOt  FJM  BOuSn  LIhThOl 
VtbAIOjL  LV-vT  HkHdlCIUt  Fjb  HKubH  CoHTMUl 
vFLAtHUL  LV-oT  BbMttICIUF  FjM  HMUAm  CUHIOjl 
Vb«*A|wuL  0-bt  MEHHjClOb  FIIK  HOgSn  C  IHTHUL 
VfLAINjC  A-41  BExHlClObFjM  BNI^bH  CJHTHUL 


•ObClSrOAHI*  *HAAb  AHO  AUUOEbS* 

A  000912  FANHtbS  JHlUH  CEHTmAL  bICHAHbC  IhC 

Nf)|T  OFFiCfc  BJA  “U* 
sT  PAUL  "H.55I05 

•  •••••••••••«•••  POJI’jCT  name  •*«••••••••••••• 

••OgOSO*  Cii-Jp  hOHSH  viLLt**  LV  2a2  BHOSh  and  reFu  KiLLfcP 


•PtCISrOANl*  «HAHE  AND  ADDmEbS* 

•  001145  AHXJ  JlL  Li), 

KOO  E,  NaHOULPh  UN, 
lhICaCj  K  bObOl 

••••••••••••A**«  PPUUUCT  HAHC  AAAAAAHAAAAAAAAA 

••OOOlb*  AHUCU  HNU9N  KILlCH 

••0002b*  AHULU  2f  b#  5-T  tv  tSTEH  FON  OHuSH  COhThul 
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•  •••  MjOuCr  MAKIM  LltTlNft  ••••  |7 

l«/e}/77  AEuCKAULT  ni»4»Tfn6  PDOUUCTI  COUTAlNfM  t«4«S-r  , 

••LOHTINliC  KEVltlftANT  «01|4« 

•  ••W07«t  AMKO  ANINC 


•n^lSTtANU  •MAUI  AM*  Al>Olrf*t* 

•  •«!»«»  imAWi)  CUU^  IMC 


4941  E*«f  MilWiMllf  AVf 
■  tHNiAMOLl*  m$  SMI} 

•  «*•«•••••••••••  t»NJOJCT  NAME  •«•••*•••*•«••*• 

••AUOlTt  NlOtAvll  Su«SA  •••  LOM  VuLATK*  ••USh  lllLi.fci)  « 

t*«« 

vfttCUlRANT*  •NANC  ANU  AUOftCM* 

•  OSUOtf  U.S.  INC. 

•'•a*  ij«  SMII 
4>ALLAS»  II 

••••••••••••••••  PNJDuCI  MAMC  •••••••••••••••• 

•  e*4»kF  NNUSM  RILL  •OCUIlUM 


•AkCltfMANl*  •NAME  AN*  APONCSS* 

•  V4\4i4  iMOlAMA  ^AMM  pimkAW  lUO*  AAAM  INC 

•  7  Su  Mt««iS7LVAM|A  Sf 

IMtflANAI'JLl*  IM 

•••••••••>••••••  MMJPJCT  MAMt  . . . 

•  •OVUM*  CJiM*  tnUCtMlMaTtU 

•  •OUOaa*  LJMU  CMAlN  L«tA  vULAliLt  FJUM  FOUHP  **uSn  llLLfc* 


•••A  Mjoucr  PMtiM  iitTiNS  ••••  *A*e  i* 

|*yA}/77  FIOEnALIT  AibUTEffEO  fMQPUCTP  CUNTAlMlMC  i*4«f»T  flTCM/tALTt 

•  ACONTINUC  nClIlllANl  99\iJ9  " 

•  •tOtSS*  Zk*  P-7U  •RWl''  lULfc* 

•  MCJITtANI*  •MAMf  AMU  AUOIESM 

A  OOIMI  LAMO  U*lAllEt  C/0  lMMk*lAt  |MC 

Mil  *01  •/>  * 

SMCmANDOAM  tA  ilPVl 

•  ••••••••••••••A  PUjOXt  MAIIC  AA**AAAA«AAAAAAA 

••AOOZO*  FtLCO  tUMfcll  eHOAN  RiCL(N 


•AtUlSrMAMlA  •mama  AMO  AUONESSa 

•  UAISAa  JNlVkllAAl  CUUMAMATiVES  IMC 

MIJ  Pul  PA# 

ALLIAMCC  UM  AAAPl 

•  ••••••••••«•«. A  MPJOuCT  NAME  . . . 

aaOAUZA*  PMUPH  KiLAfM 

•  AUAOSA*  UNlCd  ll>*V  rfHUpH  AlLtEM  CuNtAlflP  P»«-U  ANU  LO«  IMLAIIUE  CS 

•aOUASTa  UMUO  ?«A«S-1  LU*V  CtlfN  pMUPH  RitLEM 
AkUPSSA*  UnUO  LU  V  RMuSm  RltliP  !•/ 


A*A*  MPjOuCr  SiAPi^M  LISTIMU  aaaa  PACE  lA 

lA/Ui/77  FkUERAtLV  AttoXfTERtP  PMUUUCTp  CUMTaIMIMC  Z*A«S«T  ESTkPS/SAtTt 


APkCltlPAMTA  aNAME  AMO  AUOWESSa 

•  AAlZSR  JLlM  CMfMlCALS 

AIM  CJMPJMATIUM 
1Z«  LUMP  RIOCE  NUAU 
pTAMfUNU,  CT  OaMOA 

•  •••A*A*«A«****ft  »i>PUOliCT  NAME  AAAAA*AA***A*A«4 

••oriaS*  lv  taiCN  4i  aRu$H  RUtEN 
•t09lA7*  LI  taiEN  «T  PmUM  RXLCCR 
aaOmZH*  MAfMliSUN  BuTVL  fSTkP  44  MPUSh  RKLEM 
•  •OUZaIa  MaThUSUM  PuTtl  CiTEM  T«  PNJ$h  RlLLEP 


APtCISIPAMTA  aNAME  and  address* 

A  MtZAP  uEaITI  CnEmICAL  company 

POl  Mi 

ATLANTA  PA  KMl 

AAAAAAAAAAA*****  PPJOuCT  NAME  AAAAAAl 

AA«0eS}*  OE  AlIT  S*7E  PEED  RILLEn 
aaoSIPA*  OERlTf  NO.  I7tf  pPUSn  RILLEP 


•••A  PNJOULI  AEANcM  LiSIlNb  AAA*  PAGE  ZU 

lO/Oi/77  FEUErALLT  MEblSTEHED  PpOMULTS  LONT A I nImC  •?» «* S*T  FSTtPS/^ALTS 


aMECISTMAMIa  anamE  and  ^UOnESS* 

A  OUlptS  state  CMtMlCAL  MfC  Cp  The 

illfO  HAMILTON  AVE  '  *  » 

RAMA  • 

AAAAAAAAAAAAAAAA  HPUUbCI  NAME  A A  A A A A A A A A  A A A A A A 

AAOUORlA  formula  RPP  PAUSH*Rll  SELECHyE  aECU  AMU  PMOSm  rILLEM 

aaiooap*  Formula  ZZO  pmu»h  rIl  Selective  mecd  a  ppuSh  rIllER 
AAOutrs*  fupmiila  z/va  hmusm-ru 

4 


anAME  and  AUOPtSSA 

NArioMAL  CHEMStARCH  OtV 
USAChEM  INC 
ZTZ7  ChEaSEAmCM  PLvO 
IPVINC  Ta  7S0P0 

tAAA  PRjUUr.T  NANE  AAAAAAl 

aaudIDOa  CMFMStAPCH  CmemESTEm  IZi 


•PEEISTPANIa 
A  Oill7»« 


•PECISTPANIa  anamE  and  AUOPESSa 

►ppwrraaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa  •  0U177Z  hiiloEP  CoPP  the 

i«zi  fifth  AvE  • 

aPECISTPANTa  ananE  ANU  AUDRESSa  riUNTlMbtoN  RV  ZS7D/ 

•  PtflZTV  AEP  MANUE  LORP 

•01  ^VlS  AAAAAAAAAAAAAAAA  RPJUUCT  NAME  A A A A A A A A A A A A . 

ATLANTA  wA  Su3«ll 

*  AAOUCrZA  LHfMFjPR  rRAMD  PUTOIT  MPUSH  RULEP 

AAAAAAAAAAAAAAAA  RPjOuCI  NAME  AAAAAAAAAAAAAAAA 

••OUUSS*  ZtP  R*N1  PEED  RULER 
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••••  Mjoilcr  tCitcN  pm  .*11 

lO/ES/TT  rEl>lN«tLV  HbUTCnO  FNOUUCTI  CUNTAlHIMtt  EftrEM>l«CTI 


•  •••  #1IJVUCT  ttCANtM  LISTING  •••• 

lt/«l/77  Fl4>eM*iLY  tICblliCnD  PKOtfXTt  COuTAHiINC  ClTEfft/|ALT9 


•*t(lSr«ANT* 


•NANC  AtiO  AVOACVt* 


•*|6|ITttAltr* 


•  WAAf  «liO  Al^NEbl* 


■AVV  tNAIlO  NfS  COKMANV 
fell  I  AVC 
ST  tUUIS  MU  SJIIS 


ouaaiT  HNi»bUNUjM  cuspomaiiun 

iOO  SU  iNb  ST 
•^AMSAS  CiTT  as  AAtlS 


••••••••»•••••••  MtUOUCT 

•  OSOlSa 


•aiSISTSAMT*  •MAMC  AMU  AUOAESS* 

•  OUlSAS  l»AMtUMS  CHEMICAL 

•lU  I4A 

mMANI)  Ml  aSSiT 


•••••••#••*•••••  HI^UCT  NAME  •••••••••••••••• 

•  •S007A*  CV  SMoSN  KiCCfctI 

•  •0907S*  COM  VJCATILC  «iu*  AStt  a»a»S*T  tSIEH  HfEO  AiLCEH 

•  •OSOAA*  Svi'kM  MMIISH  aiCLEM  MU«  «ttS  MWTVL 

••SVlOO*  MuTTL  fSTEM  AuU  HMU9H  AICLEH 

••osssa*  a*a»s«T  AMip«E 


•••••••••••a****  MAjOaCI  MAMC  •••«••< 

••0«07l*  AuISON  IvT  4  mSuSm  atcctw  9i 


•SECISTNANI*  •name  AMU  AUDNfSSa 

•  OOlMg  ^ANHLAMU  iMO.f  INC. 

C/U  RfbUcAfUKT  A7FAIR8  UEAI, 
H,  u.  ADA  ?lg^ 

KANSAS  lltT*  HU  AAIIa 


•KESISTNAMT*  •HAAS  ANU  AttOHE^S* 

•  Ouas«a  afMA-HCWtE  Chemical  comp 

aCM  Pac  A  CAttfClNC 
ArMH*MC4tC  CEHTfM 
jaCAHOHA  CITt  ua  7Slua 


••*•••#•••••••••  pmjujCT  name 

•  •ousss*  PulSiJH  ivr  aiLCEM 


•  ••••••••••••«••  PPjUXf  name  •••••••••••••••• 

•  •OglgO*  Cj*uP  pEIu-JUI  (aia«S«1  cum  vulaTHE  ESICm  a  PUuMOS) 
•aovlula  CU*UP  mMUSH  a|CLEP  IU«  VJCATlLt 

••PUlWP*  HiEu*ulM  a*a*S-T  SUTTc  tSIEM 

••svaaT*  Cu((P  mito  itjT  (ppush  aiccen  sutti  esterj 


. . . . . . 

•PECISTPANI*  ahAHE  ANU  AUONESS* 

•  OUalPS  HDPaiNS  attMlf  CHkHlCaC  Cil* 

M.J.  HJA  7S1^ 

iAUlS'iN*  •!  S1707 

•  •«•••••••••#•«•  :mnjujci^ah|  ••*••«•••< 

••UVSuP*  Cum  VJLATILt  amuSh  alCLEM 


••••  PmuOuCT  SEAMtH  LISTING  pace  ii 

ig/gS/77  EEuEkALLT  MEaUTEMEO  P«<riUUCT»  COnTaININC  a»a,S*T  FSTEMS/SAlTS  . 


•PECISTPANT*  aNAHE  AMD  AUOmESS* 

•  Pvaiaa  aNACE  aha  company  ACM  CHEH  C  H  riOHECC 

PU  MUI  a/7  lou  N  MAIN  ST 
NfHPriIS  IN  Sslul 

•••••••••••••••A  MMjOuCt  NAME  AAAAAA*AAAA«A«*A 

AAgvai7A  NACU  CO»  VUCAItcC  at>  •  aT 

AA0g70SA  NACu  a*«*S«r  lOH  vOlA  HkUSH  alcCfM*aT  CONI  a  lSS  a#a*S*T  WAL 


•PECISIHANTA  anANE  ANU  AUOMfSS* 

A  ggaiss  »CMNt1Dl.lNC. 

laap  PAImNuNT  AVE  N  m 
ATLANTA  aA  lusia 

AAASAAAAAAA*****  PPJUUCT  MAHF  AAAtl 

AAugoaSA  fjmmiila  aga  Mmush  aiLLfH 


^  ••••  PMjUUCI  SEAKCH  ClSIlNb  aaaa  PAf.E  aa 

J0/g3/77  FEuEmACLY  PEalSTtPEO  KMdUUCIS  LUNTAInInG  at'i*S*T  ESTEPS/SAlTS 


aPEUISTHANIa  aNAME  anu  audmess* 

A  OuailO  OANlLElt  F  A  THEE  t AMEMT  COMPANY  • 

^77U  SJMMEM  ST 
aTAMFlIKU  Cl  UPNUa 

AAAAAAAAAA******  PMJOJCI  NAME  A  A  A • A A •*•••• A •• • 

AAOUUgPA  BAMvtl^VtPf  COMpuNENl  A. 


apeGISTmania  aname  anu  AUDNESSa 

A  gga737  MMEHCU  CHEMICAL  »  SUPPLY  COMPANY 

oMA  la/p  •  aaug  si.  juhn 

aAMOEN  LiTY*  MS  sTaao 

AAAAAAAAAAAAAAAA  PMuDjCT  NAME  A A A  A A  A A A  A  A A  A A A A < 

AAOgOiaA  PuEMLJ  «  CM.  nNUSh  MILLEP  * 

AAOgOllA  PUEOLJ  0MU$H  nIlLEM  LOVOl  iU/i1 


•PEGISTPANTA 


aNAmE  anu  AuONESSa 


•PEGISTMANTa  ANAME  ANU  AUONESSa 


A  oaaisP 


paTTemsun  chemical  company  Inc 

laso  UNIJN  AYE 

KANSAS  CaTT*  HJ  saiOl 


Oga730  aTucc  Cheh  company 

loss  PAUlSUM  OmIvE 
SAN  ANiONtU*  TA  70^10  ' 


. . A  PPJUUCT  NAME 


•  AggsafA  PaTIEnSON'S  hmuSh  mULEN  hu.  aou 


AAuguaSA  InSTCmuc  uTa  06 
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•  •••  PN^UCT  kCPllLH  LUT|M«  ••••  P*6E  i% 

IO/OA/7T  FEOCNAtLf  PCiiUTtfftD  PKOIHICTS  kONTAlNlMK  fkTCM/MlTI 


•P£61tTA«Nf*  •MAN!  AM)  AUDNfcSt* 

•  <IUUS5  jiFiMb  CnCitJCAtf 

PO  HUI  %^i9i 
ATLANfA  t»A  SU)«| 

• . . . .  PPJOuCT  Htmi 

••0U0}9*  (UFuAu  «.IM»¥0CAIUE  HtPVXClUE  PU*  CiMT»Ul.Ll*M^  MUOOV  PLANTS 


•NeSlSTPANl*  ANANE  ANU  AUONESSa 

•  HwlTTlI  tCcINUNV  t'NiiU  CUNPANV 

flUA  eM 

^iilSPtPS*  lA  »us« 

•  •••••••••••••••  PNJOXI  NANfc 

••VUOIS*  NJ,  ?  t  ^  HNbSN  AllLfM 
•  •OUUP0*  EC<h»m«v  ^•a»S*T  PUTTI  ESTtN  n 


••••  PNjOUCT  iCAMLH  LltllPK  AAAA  p«  • 

ll/OI/TT  rCuCNALLT  ^Et»UTt«lO  PhOUUCTS  lONTAlNlNfi  EitlPl/iAtlS 


•PISItTPANTA  anANE  and  AUDNESS* 

•  OOAfll  NUUO*LlFfc  (.PENICALA  INC 

•OA  Pt7 

EFFINGHAM  IL  PtfAOl 

••AAAAA*********  PPJOUCT  NANI  •••••••••••••••• 

•  •OOVIPA  6JfH>*LlFE  LUP  VULATlli  PPlit«  AlLttP  IPOCTTLiDTEP 

AAtOOtr*  CuUU-lIFF  «  Ld.  LUP  VULAllLt  PPbBN  AlLLEH 

•  •OUOSP*  6tlUU*LtFE  A  Le,  S«a»%*T  unuSN  NUtCN  HUTTL 


•WECISINANiA  aNANE  ANU  AUDNEES* 

A  UO9«0^  iFLfNA  CnCnILAl  LO 

li;ana  rii«ERf  siou  nuplam  ave*  suite 

NENPHlS  IN  401  AT 

••••••AAAAAA*»«A  PHJUUC1  NANI  AAAAAA..AAAAAAAA  A 

AA0BOTAA  MiLtNA  /0*Ft  »Au0n  AKLEN 


aAE^ISINANIa  aNANI  AN0  AUDNESSa 

A  OUA10S  >N1Th*UUu6lA0S  0IV« 

SONDEN  C^EnUAl*  Nl»PUFn  |NL, 
>100  V|N«lNlA  pEACa<  «L«0, 
VliHfUlAt  ¥A  <l>0t 


•PECISIPANIa  anAAE  ANU  AUONEASa 

A  OOA^AA  Cn«E1  NANUf  AlTlJPlNN  CUNPANV 

list  UALitN  UMlVf  N  E 
ATLANTA  vA  SWSUP 


•  •••••AAAAAAAtA*  PftjU;iCr  NAHF  A  A  A  A  A  A  A  •  A  A  A  A  A  A  •  • 

aaUVUAA  SNl  iH*njUNlAt»  NANULE  B«U0H  AILLEN 

aaOuWaa  SNllNiijubLASb  ^•a*>-T  I  (I«  V4n.AttLE  ESTtV  SNiJSh  AILLEP 


aaaaaaaaaaaaaaaa  HNJOurT  NAPE  aaaaaaaaaaaaaaaa 

AAO0O10A  €UN«i»*0Nu>p  Lv  /0*U  LJp  vULAUlE  ISUuCITl  ESIFh  Jf  ANf' 

aaOuOIPa  CjN*n*Ht«u5N  IdNCTVL  0PH  ALN  SlV  I J*  ¥Ul  ItutL  ESTW  S«TE« P* N«0 


AAAA  PMjUUtI  SEaPLN  LlStlNN  aaaa  PADE  ?0 

lO/OS/77  FEuFnallT  PEAlSTtPED  PwUUUCTS  LUnTaInInL  S»«#%*T  EBTEPS/SALTS 


aPECISTNANTa  aNANE  and  AwOPESSa 

A  U0A7IS  COLUMAtHl  INUNNA T  lUNAL  CliPP 

«II0O  NAPoLt  N,t« 

ALPuuUtPpUE*  N,N,  07110 

AAAAAAAAAAAAAAAA  PNJUwCf  NAME  AAAAAAAAAAAAAAAA 

•  A0UI7S*  0t0l  *  0EMV1S  0MANO  LU*«(K.  PNUSn  aILLE* 

AAO0170*  0E9I  «  SEmVU  bPAND  LU«vUL  BPU$N  AXLLEP 

••0010^*  BEST  A  BEPVIS  BPANO  BuTTI  ESTEP  «0O  2»0*^*T  PPUBn  «ILLEp 
AAU0B00A  BuTfL  BMtiSH  aILLEn  i«S 


•PtBlSTPANT*  A0ANE  ANO  AUDPESS* 

•  OO«B?0  Alien  INC 

^*0  INUUsTmT  ML«U 

a>>Th  NUNTINaTUN*  pa  t>0AB 

AAAAAAAAAAAAAAAA  PPUUUCI  NANE  AAAAAAAAAI 

•  aO00)7a  m,  A.  •  OT  1  Si 
••OO00S*  ABCj  a«S»oS  BhUBh  aILLEP 


•PECIBTPANIa  anANE  and  AUOPESS* 

•  000017  PEUEL  lIITLE  TnEE  INJECTION  COnPANT 

POA  JBB 

NAUILL  00  7S000 

AAAAAAAAAAAAAAAA  PPjUUCT  NANE  AAAAAAAAAAAAAAAA 

AAuo00j«  PtuiL  little  ipee  injection  Fluid  fopnula  no.  ? 


AAAA  PPjUOCI  SEAPlh  lIBTInB  ••••  PAPE  ?• 

IO/0S/77  FEUEpFLLT  PitolBTEPEU  PNJTDULTB  CONTAINING  J»0,S»r  E  STbPS/BlTL  TS 


•PEGJBTPANIa  ananE  and  auOhEsS* 

•  O00TJ0  XIUTfiEPN  MILL  LPEE0  PPUUUCTS  CoNPanv  INC 

0(11  1000 

lANPA  FL  SS001  A 

•  •aaaa . .  a-MJUuCT  NANF  aaaaaaaaaaaaaaaa 

••uull?*  Snck  special  tSIEP  LV  D  0  T 


•PEGIBTPANT*  aNAAE  ANU  AUOpESS* 

*  •  VU070J  STEPN  LNtN  CJPP 

0(IA  >0?O 

MONPiiC  LA  7WuJ  .  • 

AAAAAAAAAAAAAAAA  PPjUuCl  NAH|  AAA . A . 

•AOUOtOA  NElwE*  iSv  LUA^tfULATlLE  CSTtP  NtfU  uPaSP  ANU  dHuSh  kILLEP 
••OOOJlA  PtfuFA*0S  LJ"  ViKATiiE  ESTEP  aEEU  GnASS  B  HPUSm  nILLEP 
••00OSJA  Jf0»$-T  TNEE  aILLEP  ^ 


•PEGISTPANIA  anane  and  AuDPEbS* 

•  000000  wILL  J  J  CuNPANT  ' 

0UI  7BB 

aALANA2U«>  Nl  00i)OS 

AAAAAAAAAAAAAAAA  PPJUJCI  NANC  AAAAAAAAAAAAAAAA 

••U0O7SA  DILL  0»0»S*T  lUn  vriLATiLC  FSTeP  0L  bPoSn  AND  PEED  KlLLEP 
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••••  M;iftucr  tCAWCN  tUTSM  ••••  M5C  <• 

|«/t5/?t  MktollTCtfcO  ^IfOOUCTt  CiMtAlNlWC  CaTl»|/|4tri 


•n6ttia«Nr*  •i«4«k  and  AaoNCAi* 

•  lOTtVS  CMkHlCAt  |MClHI»»UtlATCU 

mMll  HAIN  ITNEIT 
Nucupuno  It  •tiai 

•  •••••••••••••••  PMjOilCI  AAHt  •••*••*••••••••• 

•  MtlsM  0»F  «•?  AnlNC  tWUAH  RKkIN 

•  •tttftf***  U  A  T  IIMUAH  AilLfA 

•  •OUOTT*  HN<l»M.t)Ar  ^-^•LV  pMuIn  KlLLtR 

•  ••tffAl*  MtU  ANu  amine  EuUMUlA  AVV 

•  •Uwoat*  iNUAHMlfE  LJM  VUtAfItl  nftuSM  A  M(iO  AILLCM 

t«OVtAl«  »NiiAM*4>AF  AMINE  HMJAM  iKUtN 


•  •••  FRUOUCI  atiRCH  LISMN6  ••••  ^AfiE  Bl 

la/Rl/TT  Ffci>filAt.LT  NiNlSTlRfcO  FnOOUCTS  CUNTaInINC  2*4. 9«T  CSTCHS/SALTB 

•  •CiMT|N4JC  RiftlBfRANT  gOVTIR  ^ 

•  •RttUl*  RlVkRalUl  MiRvIClUE  LLMi  VULATlLt 
•••al2A*  MlViRAlDf  MkNBlClUC  A-Nt 


•RESltTRANI*  •NAME  AND  AUOREAS* 

A  UlOttat  aTnEA  LANUMAfONItS  INC 

•UNO  N  F1NS1  tf 
MlLMAUKkk  Ml  Si21? 

•  •••••••••••••••  MNjDJCt  NAME  •••••••••••'■•••A 

•  •UgOuA*  CvttK  MlLCS  RHjAuLAAA  ■EtDA  AND  tiUUDT  Ft^l9  LJ«  VOLATILE  SfLECtlVi 
taOVVOR*  MifcU  A  NRUSH  HILLLM  NO.  ? 

•  •UORIOt  LU«  VXATlLt  E9TCM  5No9m  ANu  mEAD  hILLEm 


•FtClirMANiA  ANANt  and  AUnMk>9* 


•  RkftlSTNANI*  ANANl  AnU  AD|>ME>9a 


•  dVRlBi  FILLER  EkANm  A  9C*N^  INc 

llASl  9U  ENfMALO  A«C 
LMiCAbJ  iL  AV»F7 


OIO^TB  MANTfcH  I>1V.  JF  USA  CMkMlCAL  INC. 

f'.o, 

INvlNb  1a 


•»#••••••••••«••  RMJWwCI  NANF  •••••••••••••••• 

•  •gguW#  NMUAM  A  •ELU  «ILLLN  1U  tONlNUk  vNJAgLEAV  •Cin9  A  nOUO  FlANTS 


•••••••••••••••A  FMOOUCI  NANI 

AAOtfOVNA  MaNIEM  nan  MAtO  ■•AV 


AMtbllTAANt A  anANE  ANU  AUUMEaSa 

A  (lUSAEi  mAnCU  iNt  * 

10901  MAT/AlA  NLVK.  JUIU  IVI 
NiiFMlNS*  nti  ASiNB 


»uUjCI  name 


••••  FNuOuCT  AEAnlh  L1S11NC  aaaa  FaSE  BO 

lO/OB/IT  ACvEaALLT  RtwISTERfcO  FN0U0CT9  LONTaInInC  a«4>S*T  ESTERS/SAlTS 


AAAA  FkjOuCI  AEAMLM  LiailNb  AAAA  ,  F«CE  B^ 

10/01/77  FEuEhaLLT  Nti»l>ttNEI>  FmuuUCIA  CONTAINING  ?f4,9*r  F9TENS/9ALTS 


AAoriNor  REwisiRANr  oooofB 
aaOOOBOa  narco  L0*V0L  FD/tfT 
••OOOBI*  MANCU  CO«VOC  aT 


•REAISIRANIa  aNANC  ANU  AUDnEfSa 

A  VOOBAO  FNECiai'iN  caronaTUmIES  Inc 

FO  RUR  U7 

^  nUNTmRRUjR  IL  NOOoa 

aaaAaaAAAaaaaaaa  MRjDjCI  RAHf  aaaaataaaaaatai 
•aOVOOBa  ClRU|*bATE  rMuSn  «|LLER  (eSTCN  FORM) 


•REGlSTRANfA  aNARi  ANU  AUONfSS* 

•  00«N5«  mange  ENa  ufV  CONF 

FORT  MCaAVSTT  II  TnOAI 

aaaaaaaaaaaaaaaa  FRjUXI  NANf  aaaaaaaaaaaaaaaa 

AAOooel*  FoANIcIUE  NJ.  IOo  RNUSH  a  meed  FKCCn 


•REGlifRANtt  aNANE  ANO  AUDREYS* 

•  000770  NlvfHSlui  CME«  COMMANT 

F.o.  Rjl  171100  rGf  RlUGk  CAaE  RLVU 
MCnRhIS  in  BSI17 

aaaaaaaaaaaaaaaa  FRjUjCI  NANf  aaaaaaaaaaaaaaaa 
••001<»*  RlOERSlur  MtMalClDf  LO*  VOLATILE  OT 


aMEGISTNANTA  ANAME  ANU  AUOmIfSa 

A  UlOiOS  LNESTLlNc  INIbNSAl  lONAL  COMFjRaI  l(lN 

NtBFEMFM  AOb 
wLEVELANt  OM  041^7 

AAaaaaaaaAaaAaaA  MNJUjCT  NANf  Aaaaaaaaaaaaaaaa 

AauOOO^A  OLD  GaFuFnEM  mEeO'N  Fklu 


aREGISTRANIa  aNAME  ANU  ACDwEfSa 

A  OtlSlB  ANC  CHEMICAL  CONKiNtATlON 

17VO0  M.  ElbHT  MlLt  MClAI) 

AiHlTHFlEcPf  M]  #0079 

aaaaaaAaAaaaaaaa  FRjUuCI  NANf  aaaaaaaaaaaaaaaa 

AautfUSoA  lalN  tSTfN9  AlLlS  muO&T  FlANTo  lOm  VlKAllLlTv 


AREG19TRANTA  aNAOE  AND  AUOMESBa 

A  OBBBBU  FOMAwE  UNLlfltED 

F4I  MUA  7i«a  NDOREMCV  AVF  9IATI0N 
lOnGvIE"!  TI  79001 

aaaaaaaaaaaaaaaa  PftOOwCT  NAME  aaaaaaaaaaaaaaaa 
AAOUOOlA  9|Fjn  rangeland  HMUSn  9MRAV  OLV  00*^T 
Aa0l»009A  FuMAGc  UNlImIiEU  1NU097N1AL  ONUSM  9FRAV  OLV  BUaBT 
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•  •••  »«i.iOUCl  &EAIICM  LltTIoiC  •••• 


pMkiDucr  a^ARc**  LisriNu  •••• 


ll/OA/TT  RbVfMALLT  RCWUTttliO  RMOUUCTt  COMTAXiilaiC  CSTERS/tALTI 


lR/OA/77  ARRLICaNIS  ^oR  ffbfilSIRAriOK  Uf  RRbUUCTS  CUf^TAlNTNC  CSTERS^lALT 


tNVlmi^mLMUt  RRuCiSK  MfSEARCM 
HIVfR  JA<i8  BAIR  TO»tN 
20tt  AIRBV  SUlTt  BU 
*iOUtTUB*  ri  77tflB 


•  MAn  AND  AUOBEbS* 

Imubrijn-mavaand  chemical  lumrant 
BUA  2la} 

RANtAl  ClTr  A8  ABlIU 


••tfuges*  BfcAi  <t  AENvis  brand  BuTn  bnubh  rillER 
**U0UB2*  BESI  «  bEMViS  BHANO  RNUSM  |  RANNi  CLEAR  }- S 


•OUOuA*  Htsf  m  bCNVlS  brand  brush  A  rannE  ClEar  a*a 


•IRIBO*  OED««tEU  LV*R 
•  IRIBI*  bED*MbEi>  LV*)A 


•l0tB2*  UcO-MtFD  LV*B 


ffMTAC*  1HC« 
bTE.  )20w  LLAHR  TUmEn 
BIBO  RJRlAW  AVE. 
NEM»nIB»  Tn  iBlSr 


•NANE  and  ADDNtbl* 

AMCHEH  PrUUOCT  Inc 
aHjimeivt  AVfc 
AHBLkN  RA  tRUU2 


•  DBBlb*  ||HUBH*RHAR  AHiNt  A*2D»?I  hERHICIDE 

•  orbit*  |lHi*bH»RNAR  A-«T  herbicide  AMINE. 


•I017A*  ENVEHI  UT 
■ibitr*  EnVEMI  ut 


•BBBIR*  BRUbM*RHAR  BDITL  ESTER  B*aT  HENbI C IdE «2*R«S*T 
•0VU2I*  «RUaM-RHAR  BUIvl«2D*2T  hEm«|C10c 


•  UWU2?*  BMUbH-RHAR  lT*«»I  herbicide  B*4>b*T 
•0BU2S*  BRUbH«RHAR  LV-S1  hERBJCIDE  2««»S*T 


•  0U02S*  eR*'bH>MMAR  LV  UAV*ST  nE«BiC10E 

•  0BB2B*  BRuaH^NMAH  LV  'iar^BT  HERBICIDE 


wUR  chemical  D  S 
RU  Bul  l/Oo 
MIDLAND  Ml  ABBRO 


•OBIIB*  MESyUlTE  r  MErHICIOE 
•  OaiEB*  TuRUllV  bPEClAi.  LV  2BS 


RNjuuCT  search  ClSTlNb 


PRjODCcf  sEARtH  LSStlNU 


AEuERACLf  RfKibTERtO  BrUDUCTb  CUNrAlNlNfi  2«A,B«T  FSTERS/SAlTS 


IU/Bi//T  ABPLiCANtS  AuR  REftiSTRA  T  |ll.«  uE  RRODULTB  CUNI*{N|N<;  2«RtS«T  EbTERS/SALT 


•CDNTiNtiE  BEblStR*Nl  BSBSll 


•e002B*  BNUBH*RNAR  L«  DAT  )tf-ST  HERBICIDE 


•  •LLInTInuE  HECISTRanI  BVW«tt<t 

•  •0B12I*  TURuOh  i^*9l  herbIlIdE 


•  •0BU2*  f^Dn.4  MliTuRE  HFNNICJUE 


••OBOS?*  BMUbM»RnAR  LV*2u*2r  HERBICIDE 

•  •BBOSS*  BRUBH-RhAP  X*  BO«2T  HERBICIDE 
•••MB5A*  RRUbH»RHAP  X«*«T  HERBICIDE 

•  •OOOIS*  B«DSH*RHAR  XV*bT  HERBICIDE 
••BROSb*  BNUBN»RHAR  X«  SD»ST  HERBICIDE 

•  •BBOSO*  AMINE  UA*1.WU%1  HERBICIDE 

••BBBSl*  TMANBAMINE  0A*1T  herbicide  2»A>S»T  DU  bUCUBLE  AMINE 
••BBBSl*  BUTTL  ESTU 


2f««S*T  LDM  VXATILE  ESTER 


••BBOBB*  LOB  VXATlcE  JIVESTER 


SMifr  ARiICULTuRAL  CMfMUAL 
LtiRP, 

ni  best  jACAStJN  BjULEVAnO 
LHlCAbJf  u  BBBBR 


•  B«Ae2*  SmIFTa  biicu  BEAR  BRuSm  kill  a 

•  OBABl*  SbIETS  R«)Ll»  BcAn  BRUSh  kUL  SS 


•NAME  AND  ADDRESS* 

vELSICX  CMENILAL  LORP 
>«1  east  OHlD  STREET 
CHlCARJ  U  BU61I 


•B7B|«*  BANt^FL  MEHBICIOE  FOR  PASTURE  *  RANGEL ANu  RRaSSES  AND  NONCROPLAR 
•  OTBSb*  BanvEl  2*4  MExBJLm 


*07«rS*  BANvl  2*?  herbicide 
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NOTICES 


17157 


•  ft**  M^uCr  UaRcn  LIITIHC  ••••  ^AK  1 

lf/0i/TT  A^mCANIK  Fun  ktbltlKATlOl*  UT  »itOPUCT|  COMTA|li|i«e  fSTEMt/IAkT 


•AtfiltrilAMr*  ftNAAl  AND  ADDMlAI* 

•  »9M»A  »|H0  tIAfFAL  CU, 

F.U*  «JI  <)«U 

4AI|  AHriMlJ  Tl  T»>«9 

•  ••••••••••••••ft  rHjO^iCI  AAAE  •••••••*•••••••• 

tlAFFtl *5  «««,%••! 

•  •19172*  ITAFFiL'S  •WU&N  HlLLfft  NU.W' 

•  9t6ll1MAP|l*  ftNAMA  AMO  AUOMfAt* 

•  0V1S79  otitACM  CnAMlCAk  COmFuHATIOM 

p  a  out 

«M¥lULUA«i«  Ml  M*i|0 

•  ••••••••••••••ft  FlljOwCT  MAMF  ••••••••••*•••*• 

••*1279*  MkfMAMAM  kV*«A 


•  AAOiSTMAMi*  ftMAMf  AMtl  AO0«k&l* 

•  010027  iMt/UOTMlftL  OjcFEmTa 

•*11  Ikii  Il2 


. ••••••••••• 

•  •0S*2«*  two 


••••  oMuouLf  *e*iti.M  LiitiMO  ••••  Face  a 

\ 

10/01/77  A>***ilCAN<9  FUA  NfcAlOfOATlOM  -UF  MnOvucTo  COmTAImImO  2*0*S«T  ESTCMS/tAtT 


•OfcWlSIOAMl*  AMAMA  ANU  AOOOfe»S* 

•  OIUOS  MCHKO  INC 

11027  *Acab0uCHE0  NUAO 
AAN  ATJNIO  TA  70217 

•  ••••••••••••••«  MJUXT  MANE  •••••••••! 

••I017I*  HoNCMaM  ONUOM  CONIMol  MllluBf  T 


•  •lOUlflANi*  •NA*C  AND  AOOftfcAO* 

•  02S20I  AHiOiCAM  NftllUN  COhF 

F.J«  OJI  OUO 

LOMONUMI*  CO  OVOUl 

•••••••••••••••ft  ORJUJCT  NANf  •••••••••••< 

••lOSOS*  OUlCA  MILL  AOU  Miio  AILLCN  tlWU|D 


•OkOlOfOANI*  ftMAAi  AMO  AUONEaO* 

•  OS7SA7  JN|«CMtN  CijAF.  UF  FLONIDa 

ACU  aSSn  •  2001  M.«.  SOTM  CT, 
FT.  LAjOtNuACSt  Ft  ))||0 

•  •••••••••••••••  INIJOXT  MANC  ••••••••••••t 

•005120*  UNI  Cm(M  oOjS'i  AMO  MEEii  KlLtCM 


•  •••  FOjOXT  OfAOtH  C|9T|*«4  ••••  OAOC  S  ^ 

10/01/77  AFI»LICAmIO  Fu«  NiOiOTOATlUN  llF  NnuuXTO  COMTaIMInO  2.a,E.T  C9T(00/0ALT 


••EOIOTOAMI*  ftMAAk  AMO  AUOMOO* 

•  057591  COLIMAOii  CHEMICAL  A  FfNT.  tO*  INC. 

HOUTfe  If  Oul  29A0 
LUMONUAlf  CU  AV90I 

•  •••••••••••••ft*  PHX)XI  MAMF.  ••••••••• . . 

•  •09925*  €UCJN«Du*9  Uom  OMuT  CRaoO  aKUIn 

[FR  Doc.  78-10340  FUed  4-20-78;  8:45  am] 
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